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INTRODUCTION 


The  rate  of  flow  of  urine  is  the  difference  between  the 
volume  of  fluid  filtered  at  the  glomerulus  and  that  which  is  re¬ 
absorbed  by  the  tubules  (1).  This  latter,  in  turn,  is  conditioned 
by  the  magnitude  of  solute  reabsorption,  the  nature  and  quantity 
of  the  solutes  destined  for  excretion,  and  the  activity  of  the 
antidiuretic  hormone  (ADH)  of  the  posterior  pituitary  gland  which 
promotes  the  independent  reabsorption  of  water  (1,2,3)*  It  is 
well  established  that  the  secretion  of  ADH  may  be  stimulated  by 
an  increase  in  the  effective  osmotic  pressure  of  the  extracellular 
fluid  (4)  and  by  emotion  (4,5,6)*  More  recently  data  have  accumulated 
which  imply  that  an  increase  or  decrease  in  ” volume,”  or  some  function 
thereof,  may  suppress  or  stimulate  the  secretion  of  this  hormone  (7,8, 
9,10,11). 

The  dilution  of  the  body  fluids  of  a  normal  subject  in  the 
recumbent  posture  with  a  volume  of  water  approximately  one  per  cent 
of  the  body  water  will  apparently  suppress  completely  the  secretion 
of  ADH  (12).  If  this  degree  of  dilution  is  maintained,  the  rate  of 
excretion  of  urine  reaches  a  maximum  and  the  urine  is  quite  dilute. 

The  volume  of  the  urine  approximates  10  to  15  per  cent  of  the  volume 
of  filtrate.  This  state  is  similar  to  that  observed  in  patients  with 
diabetes  insipidus  and  is  referred  to  as  " physiological  diabetes  in¬ 
sipidus”  (4).  A  further  increase  in  the  dilution  of  body  fluids  will 
not  augment  urine  flow. 

If  a  subject  in  this  state  of  physiological  diabetes  insipidus 
is  tilted  into  the  passive  erect  posture  (PEP)  or  has  tourniquets  applied 
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to  the  thighs  with  a  pressure  greater  than  that  in  the  veins,  an 
antidiuresis  and  anti  saltire  sis  will  ensue.  If  the  degree  of  tilt 
is  great  enough  there  will  be  a  decline  in  the  rate  of  filtration 
at  the  glomerulus  which  may  account  for  part  of  the  decrease  in 
the  rates  of  excretion  of  water  and  salt.  It  seems  clear,  however, 
that  part  of  the  antidiuresis  must  be  related  to  secretion  of  ADH 
since  the  decrease  in  rate  of  excretion  of  water  is  minimi  and 
transient  in  subjects  with  diabetes  insipidus  when  they  are  tilted 
(13)  or  have  venous  occlusive  cuffs  applied  to  their  thighs  (14). 
There  is  some  evidence  that  the  antisaluresis  may,  in  turn,  be 
conditioned  by  secretion  of  adrenal  cortical  hormone  (15).  The 
nature  of  the  stimulus  that  promotes  the  ultimate  antidiuresis 
and  antisaluresis  in  these  circumstances  is  not  well  defined,  but 
the  inference  is  that  it  is  due  to  a  contracted  volume  or  displace¬ 
ment  of  blood  in  some  key  part  of  the  body  fluids— -probably  some 
part  of  the  vascular  system. 

This  investigation  was  undertaken  to  learn  whether 
dilution  of  the  body  fluids  beyond  that  necessary  to  promote 
complete  suppression  of  secretion  of  ADH  would  modify  the  degree 
of  anti diuresis  in  the  passive  erect  posture. 
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HISTCEICAL  REVIEW 

The  Hole  of  the  Kidney, 

Since  the  kidney  is  probably  the  only  organ  that  can 
facultatively  separate  water  and  solutes  and  thus  elaborate  a 
fluid  for  excretion  which  is  hypertonic  or  hypotonic  to  the  body 
fluids,  the  preservation  of  the  volume  and  composition  of  the 
internal  environment  devolves  upon  it.  The  composition,  tonicity, 
and  acid-base  relationship  of  the  bladder  urine  depend  upon  formation 
of  an  ultrafiltrate  of  the  blood  at  the  glomerular  membrane  and  re¬ 
absorption  in  the  nephrons  (1). 

On  the  basis  of  direct  analyses  of  fluid  from  mammalian 
tubules  (16)  and  micro puncture  studies  of  the  tubules  of  amphibians 
(17),  a  topographical  order  of  events  in  the  nephrons  has  been 
suggested.  Although  these  concepts  of  assigning  function  to  specific 
sites  in  the  tubule  have  not  as  yet  been  demonstrated  in  the  human 
kidney,  various  tubular  mechanisms  will  be  considered  to  be  dis¬ 
tributed  in  the  topographical  order  as  suggested  by  the  available 
data  (16,17). 

It  appears  that  about  7/8  of  the  water  and  solutes  are 
reabsorbed  in  the  proximal  tubules,  leaving  a  solution  for  delivery 
to  the  distal  part  of  the  nephron,  which  is  iso-  or  only  slightly  hypo¬ 
tonic  to  the  serum  (2,16).  The  solutes  are  actively  reabsorbed  in  the 
proximal  tubule,  creating  an  osmotic  gradient  between  the  tubular  lumen 
and  the  extracellular  fluid  which  provided  for  the  passive  extraction 
of  water  in  the  proximal  segment.  This  has  been  termed  ’’obligatory 
reabsorption”  by  Shannon  (3).  The  volume  of  water  delivered  to  the 
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distal  tubule,  therefore,  is  a  function  of  the  extent  to  which  the 
solutes  have  been  reabsorbed  proximally.  The  latter  depends  in  part 
upon  the  load  of  solute  which  is  presented  to  the  proximal  segment* 

It  will  be  less  if  the  filtrate  contains  a  high  concentration  of 
solutes  such  as  glucose  or  urea,  whose  reabsorption  is  limited*  Under 
conditions  of  severe  dehydration,  the  rate  of  urine  flow  may  be  dimin¬ 
ished  even  in  the  absence  of  the  antidiuretic  hormone  of  the  posterior 
pituitary  gland  (2) *  This  observation  may  be  explained  by  an  accelerated 
reabsorption  of  solutes  in  the  proximal  tubule  or  by  a  decrease  in 
glomerular  filtration  rate.  More  recent  studies  present  evidence  for 
nervous  control  of  proximal  solute  reabsorption  (18). 

The  final  volume,  composition,  and  tonicity  are  determined 
in  the  distal  tubule,  where  water  and  solutes  may  be  treated  indepen¬ 
dently  of  each  other.  The  reabsorption  of  water  in  the  distal  tubule 
is  active  and  largely  under  the  control  of  ADH  of  the  posterior 
pituitary  gland.  Under  conditions  of  maximal  ADH  activity  a  highly 
concentrated  urine  may  be  produced  with  an  osmolar  concentration  that 
may  reach  1.4  Osmoles/L.  (19).  This  is  conditioned  in  part  by  the 
nature  of  the  solutes  and  also  by  the  volume  of  fluid  delivered  to 
the  distal  segment.  When  large  volumes  of  tubular  urine  are  provided 
to  the  distal  tubule,  the  total  solutes  may  be  less  concentrated 
despite  maximal  ADH  activity. 

Regulation  of  Water  Excretion. 

It  has  been  convincingly  demonstrated  by  Verney  (4)  that 
the  secretion  of  ADH  by  the  posterior  pituitary  gland  is  promoted  by 
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an  increase  in  the  effective  osmotic  pressure  of  the  extracellular 
fluid  bathing  a  receptor — "osmoreceptor'5—  that  lies  somewhere  within 
the  distribution  of  the  internal  carotid  artery.  A  small  volume  of 
hypertonic  saline,  sucrose,  or  dextrose  solution-substances  which 
are  unable  to  penetrate  the  cell  membrane  by  simple  diffusion  and 
thus  exert  an  effective  osmotic  pressure  at  the  membrane— injected 
into  the  internal  carotid  artery  of  a  dog  undergoing  a  water  diuresis 
resulted  in  a  decreased  urine  flow  with  an  increased  urinary  solute 
concentration.  This  could  not  be  repeated  with  a  substance  such  as 
urea  which  does  not  exert  an  effective  osmotic  pressure  because  it 
can  diffuse  through  the  cell  membrane.  The  postulated  "osmoreceptor,” 
therefore,  is  stimulated  by  an  increase  in  effective  osmotic  pressure 
or  the  cellular  dehydration  this  must  induce.  The  stimulus  is  then 
transmitted  via  the  supraoptico  hypophyseal  tract,  causing  the  secretion 
of  ADH  of  the  posterior  pituitary  gland.  An  interruption  in  this  nervous 
pathway  has  been  shown  to  prevent  secretion  of  this  hormone— resulting 
in  a  state  of  diabetes  insipidus  (20).  The  converse  is  also  true;  a 
decrease  in  the  effective  osmotic  pressure  bathing  the  "osmoreceptor” 
leads  to  a  graded  suppression  of  the  secretion  by  the  posterior  pituitary 
gland.  The  posterior  pituitary  gland  may  respond  to  stimuli  other  than 
tonicity,  such  as  emotion  (4,5*6)  and  changes  in  blood  and/or  extracellular 
volume  distribution  (7, &, 9, 10, 11) » 

As  demonstrated  by  Welt  and  Nelson  (12),  the  state  of  "physio¬ 
logical  diabetes  insipidus”  is  characterised  by  a  steady,  large  flow  of 
urine,  a  U/p  ratio  of  creatinine  of  approximately  eight  (indicates  that 
approximately  13  per  cent  of  the  filtered  water  is  excreted),  and  a  low 
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total  solute  concentration.  Cnee  the  posterior  pituitary  gland  had 
been  completely  suppressed  with  the  subject  in  the  recumbent  position, 
further  increase  in  positive  water  load,  and  thus  a  greater  degree  of 
hypo tonicity,  did  not  promote  any  further  increase  in  the  rate  of  ex¬ 
cretion  of  water.  Similarly  it  has  been  observed  by  Findley  and  White 
(21)  that  a  water  load  in  well-hydrated  subjects  with  diabetes  insipidus 
does  not  increase  the  rate  of  excretion  of  water.  Since  current  concepts 
of  renal  physiology  imply  that  no  other  mechanism  responds  to  the  hypo- 
tonicity  of  body  fluids,  as  far  as  water  excretion  is  concerned,  than 
inhibition  of  the  secretion  of  ADH  of  the  posterior  pituitary  gland,  an 
increase  in  the  rate  of  urine  flow  can  be  achieved  only  by  the  delivery 
of  an  increased  volume  to  the  distal  tubule.  The  latter,  as  discussed 
above,  depends  to  a  great  extent  on  reabsorption  of  solutes  in  the 
proximal  segment.  Decreased  proximal  reabsorption  of  solute  may  also 
result  in  an  increased  urine  flow  and  a  U/p  for  creatinine  or  inulin 
in  the  range  usually  seen  in  diabetes  insipidus.  Total  solute  concentra¬ 
tion  may  also  be  low. 

That  tonicity  may  not  be  the  only  stimulus  to  which  the  posterior 
gland  can  respond  has  been  supported  by  numerous  observations  during 
which  increased  antidiuretic  activity  has  been  demonstrated  in  the  face 
of  hypotonicity.  Increased  antidiuretic  activity  in  cats  rendered  faypo- 
natremic  by  salt  depletion  has  been  reported  (22) 9  Leaf  and  Mamby  (10) 
have  recently  presented  evidence  for  the  stimulation  of  the  secretion  of 
ADH  under  conditions  of  hypotonicity  of  the  body  fluids  in  response  to 
the  insufficiency  of  volume  in  a  crucial  portion  of  the  extracellular 
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apace.  Patients  with  poorly  controlled  Addison’s  disease,  cases  of 
congestive  heart  failure  with  chronic  dilution  hyponatremia ,  and 
normal  dogs  depleted  of  salt  with  contracted  extracellular  volume 
exhibited  a  concentrated  urine  and  a  failure  to  have  a  prompt  water 
diuresis  or  dilution  of  urine  upon  administration  of  a  water  load. 

The  sera  of  the  dogs  under  such  conditions  possessed  increased 
antidiuretic  activity. 

Evidence  has  been  presented  that  expansion  of  the  plasma 
volume  by  the  infusion  of  iso-  or  hypo-onoctic  albumin  suppresses 
the  secretion  of  ADH  by  the  posterior  pituitary  gland.  Welt  and 
Orloff  (7)  have  reported  a  striking  diuresis  of  water  under  such 
conditions  with  no  significant  alteration  in  the  rate  of  excretion 
of  salt  or  glomerular  filtration  as  measured  by  the  clearance  of 
endogenous  creatinine.  Since  this  water  diuresis  could  be  inhibited 
by  adding  200  mi Hi units  of  posterior  pituitary  hormone  to  the  infusion, 
there  workers  suggested  that  the  diuresis  was  due  to  posterior  pituitary 
suppression.  This  hypothesis  has  been  substantiated  by  the  work  of 
Strauss  et  al  (11),  who  found  no  further  increase  in  diuresis  in 
subjects  with  "physiological  diabetes  insipidus"  who  were  given  iso- 
oncotic  albumin.  Strauss  et  al  (9)  have  shown  that  the  isotonic 
expansion  of  extracellular  volume  in  recumbency  caused  an  increased 
flow  of  urine  with  a  decreased  electrolyte  concentration  of  the  urine. 
Expanded  extracellular  volume  was  thought  to  have  resulted  in  posterior 
pituitary  suppression. 

Regulation  of  Solute  Excretion. 


The  concentration  of  sodium  in  the  serum  has  been  observed 
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to  play  a  role  In  determining  its  rate  of  excretion  in  the  urine. 

Dilution  of  the  body  fluids  induced  by  a  positive  balance  of  water 
has  been  demonstrated  to  cause  a  decrease  in  the  rates  of  excretion 
of  sodium,  chloride,  and  potassium,  and  an  increased  rate  of  excretion 
of  ammonia,  in  the  absence  of  any  consistent  change  in  glomerular 
filtration.  The  increased  ammonia  excretion  with  dilution  was  thought 
to  be  related  to  the  lesser  rate  of  excretion  of  sodium  and  potassium, 
but  could  not  be  correlated  with  a  consistent  difference  between  the 
rates  of  excretion  of  sodium  and  chloride  (23).  Marked  variations  in 
the  rates  of  excretion  of  sodium  have  been  observed  in  the  absence  of 
significant  changes  in  the  rate  at  which  sodium  is  filtered  through 
the  glomerulus.  Such  changes  must,  therefore,  be  due  to  alterations 
in  the  renal  tubular  reabsorption  of  this  ion  (23,24)#  However,  the 
errors  inherent  in  the  present  clearance  methods  for  measuring  glomeru¬ 
lar  filtration  rate  prevent  any  accurate  apportionment  of  responsibility 
to  glomeruli  or  tubules  for  changes  in  sodium  excretion. 

The  effective  osmotic  pressure  has  been  related  to  the  excretion 
of  salt  (25,26) .  The  infusion  of  hypertonic  dextrose  or  mannitol  solution 
in  a  normal  subject  promoted  an  accelerated  rate  of  excretion  of  salt  at 
the  time  when  the  concentration  of  sodium  in  the  serum  was  depressed 
(26).  Cellular  dehydration  induced  by  the  shift  of  water  from  the  cells 
to  the  extracellular  compartment  owing  to  the  increase  in  the  extracellular 
effective  osmotic  pressure  may  play  some  part.  Goodyer  and  Glenn  (2?) 
have  recently  demonstrated  the  direct  tubular  effects  of  such  solutes 
when  injected  into  the  renal  artery  of  the  dog. 

The  various  factors  which  condition  a  particular  concentration 
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of  sodium  in  the  serum  have  a  significant  influence  on  its  excretion. 
The  same  concentration  of  sodium  in  the  serum  may  be  the  result  of 
administration  of  salt  to  the  normally  hydrated  subject  or  by  the 
loss  from  the  body  of  water  in  excess  of  salt.  The  rate  of  excretion 
of  sodium,  however,  will  be  greater  in  the  former  than  in  the  latter. 
This  response  to  a  contracted  volume  has  been  termed  the  "dehydration 
reaction"  by  Peters  (28) .  The  increased  reabsorption  of  salt  in  the 
dehydration  reaction  accentuates  ADH  secretion  by  increasing  the 
existing  hypertonicity  and  also  saves  water  by  eliminating  salt  as 
a  solute  for  excretion.  The  increase  in  the  rate  of  excretion  of 
salt  associated  with  the  onset  of  a  water  diuresis  has  frequently 
been  attributed  to  an  increasing  urine  flow  per  se.  Crutchfield 
and  Wood  (29),  however,  have  observed  an  inverse  correlation  between 
the  acceleration  in  the  rate  of  salt  excretion  associated  with  a  water 
diuresis  and  the  rate  of  urine  flow  prior  to  the  water  loading.  As 
has  been  shown  to  occur  in  the  "dehydration  reaction,"  the  hydropenie 
subject  has  an  increased  renal  tubular  reabsorption  of  salt.  This 
mechanism,  however,  is  depressed  when  the  deficit  of  ?jater  is  corrected 
by  a  load  of  water,  thus,  resulting  in  an  increased  rate  of  excretion 
of  salt.  The  decrease  in  salt  excretion  seen  at  a  later  stage  of 
diuresis  may  be  due  to  a  decrease  in  the  concentration  of  sodium  in 
the  serum  (23) . 

The  Effect  of  Erect  Posture. 

That  the  flow  of  urine  is  less  in  the  erect  posture  than 
in  the  recumbent  position  was  probably  described  for  the  first  time 


fclfcfigi  -  ai  » '  .  a  " 

vlhoi 


■  .  r../ "  id  i  h  h  h* 


■  .  .  o  x;  :  c.-r;.:-;  .■  _ ■  ■  3  .  '  [ 

>u  9  ■  .  '  '  0  ■■■  •  •  ' 

...  .  •  i  ■  .  EGA  aaijj udnea  i  s  is  no  d 


-  ■■  l/-,  .  a;  . ..  •  ■  3."  :  cjx  ■.  '  . 

*u  d  .  ■  ,  '  fe  , 

'  •  - '  •  '  .  ( 

v  .  ••  o  '  X  •:  I  :  '  •  v  vr.'J' 

■  v.  t:  .  <J  o  \  r.i-1  '  •;  '•  :  ■ *  £ 

•.  i  .  -U  \  ■  -  ••  *  ;  xv.. cT  ■  o"\  •  x. 

-  :•  -  ....  g ;  t  •  *r  j  ^  o 

'  .  .  r  , 1 1  d  <  . 8  '  iial 

b  Jjb  a  o 

.  id .  ■  ■  o  .  mnfa.s  ■■■ 


. 

,  'v  ' ' 

' '  ■■■'  ■  v  '  '  it.BSt  8  £  $2  |  oj  ■  .  '■  .'  . 

•••  <  bsw  aqjtd’iaoq  djiftdiujfss'x  ed« 


-10- 


at  the  turn  of  the  century  by  Wendt,  Quincke,  and  Laehr  (30),  and 
soon  after  was  described  by  Edel  (31)  and  Linos sier  and  Lemoine  (32) . 
Erlanger  and  Hooker  (33,34,35)  were  the  first  to  advance  the  concept 
that  the  antidiuresis  of  the  erect  posture  was  mediated  through 
changes  in  the  renal  hemodynamics,  considering  reduction  in  pulse 
pressure  in  the  renal  artery  as  the  primary  cause  for  the  reduced 
urine  flow.  White,  Rosen,  Fischer,  and  Wood  (36)  attributed  the 
increase  in  the  excretion  of  water  and  electrolytes  in  the  recumbent 
position  partly  to  an  increased  pulse  pressure  and  partly  to  an  in¬ 
crease  in  renal  blood  flow  and  filtration.  Ni  and  Rehhurg  (37)  found 
that  the  concentration  of  serum  protein  and  the  oncotic  pressure  in¬ 
creased  in  the  erect  posture.  The  found,  however,  using  the  clearance 
of  exogenous  creatinine  as  a  measure  of  glomerular  filtration,  that 
changes  in  urine  flow  due  to  alteration  of  posture  resulted  from 
changes  in  both  filtration  and  tubular  reabsorption.  Blegen  (38) 
discovered  a  close  relationship  quantitatively  and  temporally  between 
the  total  osmotic  pressure  of  the  blood  and  diuresis.  Diuresis, 
following  a  water  load,  was  delayed  in  the  passive  erect  posture  and 
started  only  after  the  total  osmotic  pressure  of  the  blood  began  to 
fall.  Smith  (39)  stated  that  the  glomerular  filtration  as  measured 
by  inulin  clearance  and  the  renal  plasma  flow  as  measured  by  diodrast 
clearance  decreased  in  the  passive  erect  posture.  The  resulting  in¬ 
crease  in  the  filtration  fraction  was  ascribed  to  constriction  of  the 
efferent  glomerular  arteriole.  Mayers on  (40)  found  a  fall  in  the  blood 
flow  in  the  renal  artery  in  anesthetized  dogs  in  the  upright  posture  on 
a  tilt  board.  The  drop  in  flow,  however,  was  not  as  great  as  in  the 
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femoral  or  carotid  arteries.  White  and  Rolfe  (41)  observed  a  diminu¬ 
tion  in  the  glomerular  filtration  rate  of  8  per  cent  in  normal  subjects 
upon  changing  from  the  supine  to  the  erect  posture.  The  blood  flow 
through  the  other  abdominal  viscera  has  also  been  shown  to  diminish 
(42).  More  recently  Goodyer  and  Glenn  (43)  have  observed  the  absence 
of  an  effect  on  urine  flow,  electrolyte  excretion,  or  clearances  of 
inulin  and  PAH  when  pulsation  of  the  renal  artery  of  the  dog  was 
partially  or  entirely  eliminated  without  changing  the  mean  arterial 
pressure.  McCann  and  Romans ky  (44,45)#  recording  inulin  and  diodrast 
clearances  in  normal  subjects  in  the  recumbent  and  ordinary  erect 
posture,  noted  no  significant  changes  in  filtration  or  in  renal  blood 
flow.  Minimal  or  no  change  in  the  glomerular  filtration  rate  between 
the  recumbent  and  sitting  positions  has  been  reported  by  Kattus  and 
others  (46)  and,  more  recently,  by  Harrison  and  his  group  (47)#  who 
also  found  no  change  in  one  patient  in  the  Trendelenberg  position. 

An  increase  in  the  renal  venous  pressure  probably  can  not 
be  implicated  as  an  important  factor  in  the  antidiuresis  of  the  passive 
erect  posture  (48,49).  The  pressure  in  the  inferior  vena,  cava  at  the 
level  of  the  renal  veins  does  not  rise  to  the  level  reported  to  cause 
a  reduction  in  urine  flow  (49).  Moreover,  Farber,  Alexander,  and 
Eichna  (50)  have  demonstrated  similar  changes  in  urine  and  salt  ex¬ 
cretion  in  a  normal  recumbent  subject  whose  vena  cava  was  obstructed 
either  above  or  below  the  renal  veins. 

Brun,  Knudsen,  and  Raaschou  (51)  investigated  the  antidiuresis 
induced  in  normal  subjects  by  the  assumption  of  the  passive  erect  posture 
(PEP) .  In  order  to  eliminate  muscular  activity  as  a  force  in  aiding 
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venous  return,  the  subjects  were  suspended  by  their  perineums  in 
a  saddle-like  arrangement  with  their  lower  limbs  dangling  free. 

They  found  a  definite  antidiuresis  of  20-40  per  cent  of  the  initial 
urine  flow  when  the  subjects  had  been  in  the  PEP  at  an  angle  of  +60° 
with  the  horizontal  for  one  hour.  Increase  in  the  U/p  for  inulin  and 
in  the  urine  specific  gravity  were  observed  (51  I).  The  antidiuresis 
was  sustained  for  some  time  after  the  subjects  had  returned  to  the 
recumbent  posture.  The  inulin  clearance  which  had  fallen  approximately 
20  per  cent  in  the  PEP  rose  rapidly  after  tilting  back  to  the  horizontal. 
As  a  rule  the  inulin  and  diodrast  clearances  fell  to  lower  levels  the 
longer  the  stay  in  the  erect  position  and  the  greater  the  angle  of  tilt 
(51  II).  As  has  been  demonstrated  before  (37,52,53),  these  investigators 
found  that  concentration  occurs  in  the  blood  as  soon  as  the  subject  is 
tilted  to  the  PEP.  Whereas  those  at  +40°  showed  a  5-10  per  cent  increase 
very  early,  subjects  tilted  at  +20°  for  one  hour  exhibited  no  hemo- 
concentration.  The  changes  in  filtration  and  plasma  flow  were  attributed 
mainly  to  constriction  of  the  efferent  glomerular  arteriole.  The 
authors  suggested,  however,  that  the  increased  reabsorption  of  water 
might  be  due  to  the  action  of  the  ADH  of  the  posterior  pituitary  gland. 

Much  evidence  has  been  presented  which  emphasizes  the  im¬ 
portance  of  distribution  as  well  as  the  magnitude  of  blood  volume  in 
the  regulation  of  secretion  of  ADH  by  the  posterior  pituitary  gland, 
Epstein,  Goodyer,  Lawrason,  and  Reiman  (8)  confirmed  the  previous 
findings  of  contraction  of  plasma  volume,  decrease  in  renal  clearances, 
antinatriuresis  and  antidiuresis  in  quiet  standing.  These  workers 
were  able  to  reverse  the  antidiuresis  of  the  PEP  without  increasing  the 
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rate  at  which  sodium  is  filtered  by  the  administration  of  hypertonic 
saline  with  its  associated  increase  in  plasma  volume.  Rapid  in¬ 
fusions  of  albumin  resulting  in  slight  expansion  of  the  plasma  volume, 
however,  failed  to  reverse  the  antidiuresis  of  quiet  standing.  Strauss 
and  his  associates  (9)  have  shown  that,  whereas  isotonic  expansion  of 
extracellular  volume  in  recumbency  caused  an  increased  flow  of  diluted 
urine,  in  the  sitting  posture  an  equal  expansion  did  not  significantly 
diminish  antidiuretic  activity. 

The  assumption  of  the  PEP  tends  to  pool  the  blood  in  the 
lower  extremities.  Lack  of  muscular  activity  in  the  lower  limbs,  re¬ 
sulting  in  diminished  venous  and  lymphatic  return,  intensifies  the 
pooling.  The  PEP  decreases  both  the  absolute  and  effective  blood 
volumes  of  the  circulation  by  increasing  capillary  filtration  pressure, 
resulting  in  transudation  of  fluid  into  the  tissues  of  the  lower  limbs. 
The  transudation  accounts  for  the  hemoconcentration  which  has  been  re¬ 
ported.  The  antidiuresis  and  antinatriuresis,  however,  precede  the 
hemoconcentration  and  actual  reduction  in  absolute  blood  volume,  but 
may  be  correlated  with  change  in  distribution  of  blood  from  the  cranium 
to  the  limbs.  By  immersing  the  body  in  water  up  to  the  level  of  the 
heart  or  by  applying  pneumatic  occluding  cuffs  to  the  legs,  the  anti¬ 
diuresis  of  the  erect  posture  can  be  modified  (53*54)* 

That  the  secretion  of  ADH  by  the  posterior  pituitary  gland 
is  concerned  in  the  antidiuresis  of  the  PEP  is  evidenced  by  the  fact 
that  subjects  with  diabetes  insipidus  react  to  the  PEP  with  a  transient 
and  much  less  marked  antidiuresis  than  normal  subjects.  Judson  and 
his  associates  (14)  observed  similar  findings  in  subjects  with  diabetes 
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ins  ipi  du  s  in  whom  simulated  passive  erect  posture  was  produced  by 
experimental  venous  congestion  of  the  limbs.  Antidiuresis  and 
diminished  sodium  excretion,  however,  have  been  demonstrated  in 
normal  subjects  following  venous  congestion  of  the  legs  (55)*  The 
presence  of  antidiuretic  activity  in  the  blood  of  a  subject  main¬ 
tained  in  the  passive  erect  posture  has  been  demonstrated  by  Brun, 

Hilden,  and  Raaschou  (13)  by  the  induction  of  antidiuresis  in  a 
normal  recumbent  subject,  undergoing  water  diuresis,  by  injection 
of  the  blood  of  the  tilted  person.  The  blood  of  a  subject  with 
diabetes  insipidus  maintained  in  the  erect  posture  for  a  similar 
length  of  time  failed  to  produce  a  similar  response. 

The  upright  posture  reduces  the  rate  of  excretion  of  salt 
in  the  urine  (8,9,47,56).  The  studies  of  Harrison  et  al  (47,56)  have 
presented  evidence  for  the  existence  in  the  cephalad  portion  of  the 
body  of  receptors  which  are  able  to  respond  to  changes  in  "effective 
blood  volume . 15  These  workers  have  demonstrated  that  compression  of 
the  neck  by  a  cuff  inflated  to  a  pressure  of  20  mm.  of  mercury  in  a 
normal  subject  in  the  sitting  posture  was  partially  effective  in  over¬ 
coming  the  antina triuresis  of  the  upright  posture.  The  failure  to 
secure  consistent  changes  in  the  rate  of  urine  flow  by  neck  compression, 
however,  may  be  accounted  for  by  the  stimulation  of  secretion  of  ADH 
induced  by  the  discomfort  of  the  procedure.  The  changes  in  sodium  ex¬ 
cretion  induced  in  normal  subjects  by  change  in  posture  and  by  compression 
of  the  neck  were  independent  of  filtration  and  were  thus  attributed  to 
alterations  in  tubular  activity.  In  both  recumbent  and  sitting  positions, 
with  or  without  neck  compression,  the  excretion  of  chloride  paralleled 
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that  of  sodium,  but  no  consistent  variation  in  potassium  excretion 
was  noted  except  for  the  decline  in  urinary  potassium  which  appeared 
in  both  positions  after  the  first  four  or  five  hours  of  ingesting 
potassium- free  loading  solution.  In  view  of  the  failure  of  neck 
compression  to  cause  a  further  decrease  in  potassium  excretion,  it 
was  considered  unlikely  that  the  increased  excretion  of  sodium  was 
mediated  through  the  adrenal  cortex.  Welt  (15),  however,  has  presented 
evidence  that  the  increased  salt  reabsorption  of  the  passive  erect 
posture  is  mediated  via  the  adrenal  cortex.  He  found  that  the  anti- 
saluresis  of  the  passive  erect  posture  in  the  subject  with  Addison’s 
Disease  is  not  marked  and  is  transient  in  nature.  Harrison  and  his 
group  (47)  observed  no  consistent  alterations  in  sodium  excretion  in 
the  subject  in  the  Trendelenberg  position  with  the  foot  of  the  bed 
elevated  approximately  twenty  degrees.  No  rise  in  sodium  excretion 
occurred  as  the  result  of  neck  compression  in  recumbent  subjects. 

The  same  investigators  have  demonstrated  that  the  antinatriuresis 
induced  by  the  venesection  of  2-5  cc.  of  blood  per  kilogram  of  body 
weight  from  sitting  subjects  can  be  prevented  by  compression  of  the 
neck  (57).  Recent  studies  by  Lombardo  and  Harrison  (58)  have  failed 
to  show  an  increased  excretion  of  sodium  in  the  urine  of  patients  with 
congestive  heart  failure  in  the  sitting  position  after  neck  compression. 
The  effect  of  posture  on  the  excretion  of  salt  and  water  is  markedly 
reduced  in  patients  with  congestive  heart  failure.  Lombardo  (59)  has 
suggested  that  the  previously  postulated  volume  regulating  mechanism  in 
the  head  is  either  inactive  or  overshadowed  in  patients  with  congestive 
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Welt  and  Orloff  (7)  have  shown  that  increases  in  the  plasma 
volume  by  as  much  as  8 9  per  cent  by  infusion  of  iso-oncotic  albumin 
are  not  associated  with  increase  in  the  urinary  excretion  of  sodium 
above  its  '’control”  level.  Recently,  Strauss  et  al  (11)  have  shown 
that  the  hypotonic  expansion  of  the  extracellular  fluid  in  normal 
recumbent,  water-loaded  subjects  augments  the  urinary  excretion  of 
sodium  despite  a  diminished  filtered  load.  Since  no  effect  was 
observed  with  a  similar  expansion  of  extracellular  volume  in  the 
sitting  position,  it  was  suggested  that  changes  in  extracellular 
volume  or  some  associated  factor  in  the  cephalad  portion  of  the  body 
serve  as  the  stimulus  for  sodium  retention  or  excretion.  Epstein, 

Post,  and  McDowell  (60)  have  recently  demonstrated  increased  renal 
excretion  of  sodium  upon  occlusion  of  the  arteriovenous  fistula. 

There  was  no  associated  change  in  glomerular  filtration  rate,  renal 
blood  flow  or  renal  venous  pressure.  These  data  further  suggest  con¬ 
ditioning  of  renal  excretion  of  sodium  by  the  degree  of  filling  of  some 
portion  of  the  arterial  tree. 

Effect  of  Oncotic  Pressure. 

Still  another  factor  independent  of  volume  or  tonicity  has 
been  demonstrated  to  influence  the  excretion  of  salt  and  water.  Goodyer, 
Petersen,  and  Reiman  (61)  and  Welt  and  Orloff  (7)  have  provided  evidence 
that  the  infusion  of  hyperoncotic  solutions  of  salt-poor  albumin  induces 
a  decreased  rate  of  salt  excretion  in  normal  subjects.  The  increased 
reabsorption  of  salt  is  not  mediated  via  the  adrenal  cortex  since  it 
was  observed  in  a  subject  with  Addison's  Disease,  The  antidiuresis 
promoted  by  the  rise  in  the  oncotic  pressure  has  been  demonstrated  by 
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Petersdorf  and  Welt  (63)  to  be  independent  of  the  secretion  of  the 
antidiuretic  hormone  of  the  posterior  pituitary  gland  since  it 
occurred  in  patients  with  diabetes  insipidus.  Water  reabsorption 
was  secondary  to  sodium  reabsorption.  The  existence  of  an  onco- 
receptor  somewhere  within  the  vascular  tree  which  would  respond  in 
a  graded  fashion  to  changes  in  oncotic  pressure  has  been  postulated 
(7*63). 

Nervous  Control  of  Tubular  Function. 

The  content  of  the  cranial  vault  has  been  implicated  in¬ 
directly  in  the  regulation  of  excretion  of  salt  and  water  by  the 
renal  tubules,  if  only  by  virtue  of  the  residence  therein  of  the 
osmoreceptor  of  Verney,  the  postulated  volume  receptor,  and  the 
posterior  pituitary  body.  That  the  nervous  system  may  play  a 
more  direct  role  in  the  preservation  of  the  composition  and  volume 
of  the  body  fluids,  independent  of  its  influence  on  water  and  salt 
consumption,  has  been  presented  in  a  most  convincing  manner. 

Polyuria  associated  with  an  increased  urinary  salt  ex¬ 
cretion  despite  restricted  salt  and  water  ingestion  has  been  in¬ 
duced  by  experimental  lesions  in  the  medulla.  Bilateral  interruption 
of  the  splanchnic  nerves  to  the  kidneys  reproduced  these  findings  (63). 
Marshall  and  Kells  (64  I  and  II)  demonstrated  that  unilateral  renal 
denervation  resulted  in  an  increased  excretion  of  water  and  salt  by  the 
denervated  kidney  with  no  significant  change  in  the  glomerular  filtration 
rate.  These  same  workers  presented  evidence  implicating  the  renal  nerve 
supply  in  the  direct  control  of  tubular  reabsorption  of  salt  independent 
of  changes  in  renal  hemodynamics  (64  III  and  ¥).  Recently  the  studies  of 
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Kriss,  Futcher,  and  Goldman  (65)  and  Kaplan  and  Rapaport  (66)  have 
substantiated  the  thesis  of  a  direct  neural  regulation  of  renal 
tubular  function  in  the  dog.  Localization  of  this  process  to  the 
proximal  segment  of  the  nephron  has  been  suggested  (66) .  A  syndrome 
characterized  by  the  wasting  of  salt  in  the  urine  in  the  face  of  de¬ 
pressed  electrolyte  concentrations  in  the  serum  has  been  described 
in  patients  with  disease  of  the  central  nervous  system  by  Welt,  Peters, 
et  al  (18,67).  Two  patients  with  this  picture  of  cerebral  salt-wasting 
demonstrated  an  apparently  normal  anterior  pituitary-adrenal  axis  as 
determined  by  normal  eosinopenic  response  to  epinephrine  and  marked 
increase  in  excretion  of  17-ketosteroids  in  response  to  the  administra¬ 
tion  of  AGTH.  The  marked  negative  balance  of  potassium  in  response  to 
desoxycorticosterone  and  AGTH  administration,  despite  the  relatively 
small  overall  positive  balance  of  sodium  which  was  actually  negative 
in  some  periods,  has  been  interpreted  as  indicating  that  increased 
reabsorption  of  salt  has  taken  place  in  the  distal  tubule  (18,68). 

It  is  concluded,  therefore,  that  the  defect  in  cerebral  salt  wasting 
is  in  the  proximal  tubular  absorption  of  salt  which  is  of  such  a  mag¬ 
nitude  as  not  to  be  easily  overcome  by  increasing  tubular  salt  re¬ 
absorption  presumably  via  the  adrenal  cortex. 
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EXPERIMENTAL  PROCEDURE  AND  METHODS 
A.  Experimental  Procedure, 

The  experimental  subjects  in  these  studies  were  5  normal 
male  graduate  students.  There  were  a  total  of  10  studies,  consisting 
of  5  paired  studies.  Food,  water,  and  tobacco  were  restricted  for 
a  period  of  8  to  14  hours  prior  to  and  throughout  each  experiment. 

In  order  to  make  up  for  salt  losses  due  to  warm  weather  in  those 
studies  done  in  the  summer,  salt  was  ingested  in  increased  amounts 
to  avoid  salt  depletion  in  the  few  days  prior  to  each  study.  In 
studies  7-10  there  was  no  prior  added  salt  intake.  In  studies  5 
and  6,  5  grams  of  Nad  were  ingested  on  the  day  prior  to  the  experi¬ 
ment;  in  studies  1,2,  and  U,  5  grams  of  NaCl  per  day  were  ingested 
for  2  days  prior  to  the  experiment;  in  study  3,5  grams  per  day  were 
ingested  for  3  days. 

Each  subject  presented  himself  at  the  laboratory  at  about 
8  AM  at  which  time  he  voided  the  overnight  specimen,  which  was  used 
as  the  inulin  blank.  He  was  then  weighed  and  weighed  again  at  the  , 
end  of  the  experiment.  A  sample  of  blood  was  obtained  and  an  infusion 
of  5  per  cent  or  3  1/2  per  cent  glucose  in  water  was  started  at  a  rate 
adequate  to  achieve  the  desired  positive  balance  of  water,  A  priming 
dose  of  inulin  was  administered  in  a  different  vein  on  the  same  arm, 
and  the  sustaining  infusion  of  inulin  in  5  per  cent  glucose  solution 
was  started.  The  primary  dose  was  calculated  on  the  basis  of  an 
'’inulin”  space  of  approximately  15  per  cent  of  the  body  weight  with 
a  desired  serum  concentration  of  approximately  20  to  30  mg.  per  cent 
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of  inulin.  The  concentration  of  inulin  in  the  infusion  and  the  rate 
of  administration  of  water  with  inulin  were  determined  according  to 
estimated  glomerular  filtration  rate  and  insensible  water  loss  for 
the  individual  on  the  day  of  the  experiment.  The  subjects  remained 
in  the  horizontal  position  until  the  desired  positive  balance  of  water 
and  a  relatively  steady  state  of  urine  flow  were  reached,  but  they 
were  permitted  to  stand  to  void.  Urines  were  obtained  by  spontaneous 
voidings  at  approximately  30  to  60  minute  intervals.  Subsequent  blood 
samples  were  drawn  from  the  other  arm  by  means  of  an  indwelling  Cournand 
needle  so  as  to  avoid  painful  vena  punctures  with  consequent  antidiuretic 
effect. 

Upon  completion  of  the  initial  water  loading  and  upon  reaching 
a  state  of  physiological  diabetes  insipidus  in  recumbency,  the  subjects 
were  tilted— still  lying  supine  on  the  tilted  table— to  an  angle  of  15° 
with  the  horizontal  with  the  head  raised  up  and  the  lower  limbs  com- 
pletely  relaxed.  A  tilt  angle  of  15  was  used  in  order  to  minimize 
renal  hemodynamic  changes.  Where  it  was  thought  necessary  to  increase 
the  load  rapidly  with  a  minimum  of  initial  glycosuria  (studies  4  and  6), 

3  1/2  per  cent  glucose  in  water  was  used.  In  study  k,  100  units  of 
Pitres sin  were  given  at  the  start  of  the  experiment  in  order  to  provoke 
retention  of  a  greater  proportion  of  the  administered  water. 

In  general,  blood  was  drawn  according  to  the  following  plan: 

1.  Initial  sample  before  start  of  infusions. 

2.  Specimen  for  determination  of  the  concentration  of 
inulin  in  the  serum  about  one  hour  after  the  priming  dose  had  been 
administered  and  the  sustaining  infusion  had  been  started.  This  is  a 
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time  when  equilibrium  of  inulin  has  been  achieved. 

3.  Sample  near  the  time  of  tilting. 

4.  Sample  near  the  time  of  maximal  antidiuresis  in  the 

passive  erect  posture. 

5.  Sample  at  the  termination  of  the  study. 

Each  study  began  at  about  8  AM  and  lasted  from  7  to  13  hours. 

Two  studies  were  performed  on  each  subject.  Except  in 
studies  1  and  2— subject  J.M.  —where  the  water  loads  at  the  time  of 
maximum  antidiuresis  were  approximately  the  same,  each  subject  re¬ 
ceived  a  small  water  load  (but  still  greater  than  one  per  cent  of 

body  water)  at  one  time— the  lightly-loaded  study  and  a  heavy  water 
load  the  next  time  (equal  to  about  twice  the  first  water  load)— 
the  heavily-loaded  study. 

B.  Determinations. 

Blood  was  collected  under  oil,  and  that  used  for  hemoglobin 
and  hematocrit  determination  was  defibrinated  anaerobically  immediately 
after  collection.  Urine  samples  were  placed  in  covered  bottles  con¬ 
taining  benzoic  acid.  All  samples  were  stored  in  the  refrigerator. 

Hemoglobin  measurements  were  made  color imetrically  as 
alkaline  oxyhemoglobin  (69)  •>  Cell  volumes  were  determined  in  quadru¬ 
plicate  in  Doland  hematocrit  tubes,  calibrated  in  per  cent  (70).  Con¬ 
centrations  of  sodium  and  potassium  in  serum  and  urine  were  determined 
in  the  flame  photometer  (71) .  Serum  chloride  concentration  was 
determined  using  the  Eisenman  semi -micro  modification  of  the  Volhard- 
Harvey  method  (72),  and  the  concentration  of  chloride  in  the  urine  was 
determined  by  the  Volhard-Harvey  technique  (73).  Total  protein  concen¬ 
tration  in  the  serum  was  determined  by  a  biuret  method  (74) .  The 
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concentration  of  glucose  in  the  serum  was  determined  colorimetrically 
by  the  Somogyi -Nelson  technique  (75) •  Qualitative  determinations  of 
urine  sugar  were  obtained  using  Benedict’s  solution  with  2  to  3  times 
the  usual  8  drops  of  urine.  Urine  ammonias,  and  ureas  were  determined 
by  the  diffusion  methods  described  by  Conway  (76) •  The  photometric 
method  using  resorcinol  as  proposed  by  Roe,  Epstein,  and  Goldstein  (77) 
was  used  for  the  determination  of  inulin  in  the  plasma  and  urine. 


C .  Calculations . 

The  total  osmolar ity  of  urine  was  calculated  from  the  equation: 

1)  2  (Na  +  K  +  NH3)  +  Urea  (m.Osm./L.) 

The  total  osmolarity  of  the  extracellular  water  (EW)  was 
calculated  from  the  equations: 

2)  a.  2  (Ha^  +  %)  +  10 

for  the  initial  blood 

b.  2  (Na^  +  Km)  +  10  +  A  glucose 

for  subsequent  specimens,  since  the  concentration  of  glucose  was 
always  somewhat  higher. 

The  percentage  change  in  plasma  volume  was  calculated 
from  the  formulae: 

3)  PV^  =  Hgb^  x  1  -  Hkt2  x  100 

PV1  Hgb2  1  -  Hkt1  (69)  (studies  1-6) 


where  Hgb  =  hemoglobin  and  Hkt  =  cell  volume, 
b)  TP, 


1  x  100 


TP, 


(studies  7-10) 


where  TP  =  total  protein  in  grams  per  cent, 
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Glomerular  filtration  rate  was  estimated  by  the  clearance 
of  exogenous  inulin  and  was  calculated  by  the  formula; 


5) 


UV 

s 


where  CT  =  clearance  of  inulin ,  U  =  concentration  of  inulin  in  the 
urine,  S  =  concentration  of  inulin  in  the  serum,  and  ¥  =  rate  of 
excretion  of  urine  in  cc.  per  minute.  The  concentration  of  inulin 
in  the  serum  at  the  mid-point  of  the  clearance  period  was  determined 
by  plotting  the  concentration  of  inulin  in  serum  against  time  on  a 
semi-logarithmic  graph.  The  rate  of  excretion  of  inulin  per  minute 
was  corrected  for  the  rate  of  excretion  of  inulinoid  material  as 
estimated  from  the  urine  blank. 

As  a  measure  of  water  reabsorption  the  inulin  U/s  ratio 
was  calculated  where  U  and  S  are  the  concentration  of  inulin  in  urine 
and  serum  respectively. 

The  balance  of  water  at  the  end  of  any  urine  period  may  be 
calculated  using  the  formulae; 

6)  I,L'H2°  -  -  <Ut  *  V]  -  (W2  -  Wl> 

T 


where  I.L.„  ~  =  insensible  loss  of  water  in  cc.  per  minute,  I,  = 

HgO  *  7  t 

total  volume  of  infusate  (glucose  solution  +  insulin  solution)  in 

study,  =  total  volume  of  urine  in  the  study,  =  total  volume  of 

blood  withdrawn  multiplied  by  the  specific  gravity  of  blood,  W?=  weight 

at  end  of  study,  =  weight  at  start  of  study,  T  =  total  duration  of 

study  in  minutes. 

7)  bH20  =  Ip  -  [(I.L.^„  x  t)  ♦  Up  +  Bp] 
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where  bH^O  =  balance  attained  during  a  particular  urine  period  in 
cc.,  1^  =  infusate  (glucose  solution  +  inulin  solution)  during  that 
period  in  cc.,  t  =  duration  of  that  period  in  minutes,  =  urine 
volume  in  cc.  during  that  period,  =  cc.  of  blood  x  specific  gravity 
of  blood  -withdrawn  during  that  period. 

The  total  balance  of  water  at  the  end  of  any  period  is 
equal  to  the  sum  of  the  balances  of  the  preceding  urine  periods. 

The  concentration  of  water  in  serum  [w] g  was  calculated 
from  the  concentration  of  serum  proteins  £p]: 


8)  [W]5  =  98.4  -  7.18  [p]  (78) 

The  concentration  of  Na  in  extracellular  water  (E),  was 
calculated  from  the  serum  concentration  S  by  use  of  a  Donnan  factor 
of  0.95  and  the  serum  water  [w] 

S  9 

Thus: 


9)  Ne  =  Ms  x°-95 


The  concentration  of  potassium  in  extracellular  water  was 
assumed  to  be  equal  to  that  of  serum.  (Kg  =  Kc). 

The  concentration  of  increased  reabsorbate  promoted  by 
the  passive  erect  posture  may  be  determined  from  the  formulae: 

10)  for  Na:  a  rate  of  excretion  Na/min. 

A  rate  of  excretion  urine/min. 

11)  for  total  solutes:  A  rate  of  excretion  total  solutes/min. 

A  rate  of  excretion  urine/min. 


This  is  valid  only  if  the  glomerular  filtration  rate  and  the  filtered 
load  are  comparable. 


'  '  J  *****  *  s>’I*lriw 

•  ■  1 

3  .  )  .00  ,  iJSriC 

..  O'-:.-  ■  -  -u'  .  -lii  n.  % :•••  v  '■  > 

.  1  ooeXfic  .  M 

.  0  1  v 

o  :  sinto  at  1©  ad^&*xiit©s  noc  ©i  t 

:  j  .  :  •,  '  ■  -  ■  '  ti  ’  - 

_ 

v  .  *  •  *  c  - 

IXeo  a  ai  * 

••  d  .  ■  i  .  •  ’ 

'  V'  ...  uti*I::S  -h  .  i.  ■■  <  .  .0  ■ 


.£ 


:e  • 


V  .  • 

...  k.  —  U  •• 


^  i  ✓ 


:•••:  -lix©  njt.JBoicavBdoq  lo  nolds^dn'  j.  : 

. 

v  d  ' 

SfiSIO  «  '  \  -  ■ 


•  bsais&X9t&b  ed  \;jsin  ©Ttodsoq  do©*!©  ©v.lce>q  ©fid 

. 

.  '  ..  h  £'I 

:  •  ,  •• 

,&  f.ify  "v  r..;  •  Jld  ‘leiij'ioiaoXg  ©rid  11  ^Xao  klJL&v  ei  ©jti'i 


. 


-25- 


formula: 


The  osmolar  clearance  of  water  (Cosm)  was  calculated  from  the 


12)  Cosm  =  r—  V 


Posm  '  (79) 

where  Uosm  =  total  m«Osm./L.  in  urine,  Posm  =  total  m.Osm./L.  in  plasma, 
V  =  urine  flow  (cc./min.). 

The  urine  flow,  V,  is  given  by  the  sum: 

13)  V  =  Cosm  +  C„  ^ 

h2° 


where  Cj^q  _  dear  since  of  free  water, 
and  therefore 

14)  Cw  n  _  L  Uosm 

H2°  ”  I  1  -  psss 


V 


(79). 
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RESULTS 

I.  The  Effects  of  Water  Loading  on  Plasma  Volume  (Table  I  and  Table 

A  -  appendix). 

Plasma  volume  as  measured  by  changes  in  hemoglobin  and 
hematocrit  (studies  1-6)  or  by  changes  in  concentration  of  serum 
protein  (studies  1-10)  was  altered  to  varying  degrees.  Except  for 
blood  period  III  in  study  3  which  exhibited  an  insignificant  negative 
variation,  as  measured  by  hematocrit  and  hemoglobin,  the  other  studies 
showed  slight  to  moderate  increases  in  plasma  volume  during  the  course 
of  the  experiments.  The  greatest  increase  observed  was  that  of  32.3 
per  cent  in  period  III  in  study  6.  No  correlation  existed  between  the 
magnitude  of  the  positive  balance  of  water  and  the  change  in  plasma 
volume.  Changes  in  plasma  volume  between  the  pre-tilt  period  and  the 
period  of  maximal  antidiuresis  were  small. 

The  decrease  in  plasma  volume  upon  assumption  of  the  passive 
erect  posture,  which  has  previously  been  reported  (8,51,52, 54,80-32) 
was  not  observed  under  conditions  of  water  loading  and  the  15°  PEP. 
Duration  of  time  in  the  passive  erect  posture  had  no  consistent  effect 
on  the  plasma  volume  in  these  studies. 

II.  Effects  on  the  Concentration  of  Electrolytes  in  the  Body  Fluids 

(Table  I  and  'fable  A  -  appendix) . 

The  infusion  of  glucose  solution  consistently  resulted  in 
a  decrease  in  the  concentration  of  the  electrolytes  in  the  extra¬ 
cellular  fluid.  The  absolute  value  of  the  depression  and  the  percentage 
change  in  serum  sodium  concentration  were  dependent  upon  the  magnitude 
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The  Effects  of  Water  Loading  on  the  Plasma  Volume,  Serum  Sodium  Concentration,  and  Total  Solute 

Concentration  in  the  Extracellular  Fluids  in  PEP 
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of  the  water  load  in  the  lightly- loaded  and  heavily- loaded  studies  of 
the  paired  experiment,  except  in  studies  3  and  4.  In  study  3  the 
subject  presented  himself  with  a  serum  sodium  concentration  of  148.2; 
whereas  in  study  4,  his  initial  serum  sodium  was  141.6.  In  study  3 , 
therefore,  the  extracellular  fluid  volume  was  probably  decreased  owing 
to  dehydration  preceding  the  experiment.  In  study  3  a  water  load,  smaller 
than  that  of  its  companion  study,  produced  an  absolute  fall  in  serum 
sodium  concentration  of  about  the  same  absolute  value  (study  3,  143.2  -4 
139*4  at  maximal  antidiuresis;  study  4,  141.6  >  132.9  at  maximal  anti¬ 

diuresis).  The  percentage  change  in  serum  sodium  concentration  (study  3: 
-5*9  per  cent;  study  4:  -6.1  per  cent)  varied  only  slightly  between  the 
two  studies.  Moreover,  the  percentages  of  change  in  total  solute  con¬ 
centration  in  the  extracellular  fluid  from  the  beginning  of  the  study 
to  the  time  of  maximal  antidiuresis  were  only  slightly  different  (study  3: 
-5.8  per  cent;  study  4:  -5.3  per  cent).  The  absolute  level  of  the  sodium 
concentration  of  the  serum  and  the  total  solute  concentration  in  the 
extracellular  fluid  were,  however,  much  lower  in  study  4  than  in  study  3. 
Any  difference  in  degree  of  antidiuresis  in  these  two  studies  might, 
therefore,  conceivably  be  related  to  the  absolute  value  of  sodium  con¬ 
centration  in  the  serum  or,  more  properly,  to  the  total  '’effective'1 
solute  concentration  in  the  extra cellular  fluid. 

Depressions  in  serum  chloride  concentration  tended  to  follow 
the  alteration  in  serum  sodium  concentration.  Serum  potassium  concentra¬ 
tions  usually  decreased.  In  studies  5,  9  and  10,  however,  increases  in 
serum  potassium  concentration  were  noted.  The  changes  observed,  however, 
were  within  the  error  of  the  method  of  potassium  determination. 
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The  glucose  concentration  in  the  serum  was  increased  during 
the  initial  loading,  leading  to  a  transient  overflow  of  sugar  in 
the  urine.  With  rapidly  increasing  efficiency  of  utilization  of 
glucose  by  the  body,  however,  glucose  levels  were  maintained  below 
the  renal  threshold.  In  study  3 ,  however,  because  of  augmentation 
in  the  rate  of  infusion  of  glucose  in  water,  1+  spillage  (using  2-3  x 
amount  of  urine)  was  detected  at  about  the  time  of  maximal  antidiuresis. 

III.  Effects  of  Glomerular  Filtration  Rate  (Table  II  and  Table  B  - 

appendix) . 

Neither  maintenance  of  the  positive  load  of  water  in  the 
recumbent  or  in  the  passive  erect  postures  had  any  consistent  effect 
on  the  rate  of  glomerular  filtration  as  measured  by  the  clearance  of 
exogenous  inulin.  No  definite  difference  in  glomerular  filtration 
rates  can  be  noted  between  the  period  of  urine  collection  just  pre¬ 
ceding  the  tilting  and  the  time  of  maximal  antidiuresis.  The  glomerular 
filtration  rates  of  the  lightly-loaded  and  heavily-loaded  studies  of 
each  paired  study  were  comparable— considering  the  error  inherent  in 
the  method  of  inulin  clearance  determination. 

Unlike  the  studies  of  Brun,  Raaschou,  and  Knudsen  (51) , 
no  decrease  in  GFR  was  observed  in  these  studies  as  the  duration  of 
time  in  the  passive  erect  posture  increased. 

IV.  Effects  of  Dilution  of  Body  Fluids  and  Posture  on  the  Excretion 
of  Water  (Tables  II  and  B  -  appendix) . 


Once  the  positive  load  of  water  had  reached  approximately 
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The  Effects  of  Water  Loading  on  the  Rates  of  Water,  Sodium  and  Total  Solute  Excretion 
Clearances  and  U/P  Ratios  for  Inulin,  and  Change  in  Total  Solute  Concentration 

In  the  Urine  in  Recumbency  and  PEP 
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one  per  cent  of  the  total  body  water,  no  further  increase  in  the 
rate  of  urine  flow  was  observed  by  increasing  the  water  loading 
in  recumbency  in  any  study.  Except  for  paired  studies  3  and  4,  and 
5  and  6,  the  rate  of  excretion  of  water  in  the  period  just  preceding 
the  tilt  was  of  approximately  similar  value  for  the  same  subject  with 
the  small  and  greater  water  loads.  In  lightly-loaded  study  3,  the 
rate  of  excretion  of  urine  was  10.3  cc./min. ;  whereas,  in  heavily- 
loaded  study  4,  the  rate  for  this  same  period  was  19.8  cc./min.  The 
reverse  situation  obtained  in  paired  studies  5  and  6.  In  lightly- 
loaded  study  5,  the  urine  flow  was  15.2  cc./min.  during  the  pre-tilt 
period;  whereas,  that  of  heavily-loaded  study  6  was  10.6  cc./min. 

Study  6  was  extremely  unusual  in  that  it  took  4 8?  minutes  from  the 
start  of  the  experiment  to  reach  an  equilibrium  of  urine  flow  in  the 
recumbent  position.  In  this  study  following  a  profuse  glycosuria 
and  heavy  loss  of  solutes  on  attempting  to  get  in  a  large  water  load 
with  5  per  cent  glucose  in  water,  the  excretion  of  sodium  promptly 
decreased  and  was  associated  with  the  diminished  urine  flow.  It  seems 
unlikely,  however,  that  the  urine  flow  can  be  correlated  with  the  salt 
excretion  in  study  3.  In  this  study  the  urine  flow  was  10.4  cc./min, 
when  the  sodium  excretion  was  l65/^Osm./min.  and  10.9  cc./min.  when 
the  sodium  excretion  was  210.6^C*sm./min.  In  its  paired  study  when 
the  sodium  excretion  was  l62.8//tf0sm./L. ,  the  urine  flow  was  19.8  cc./ 
min.  In  all  three  instances  the  glomerular  filtration  rate  remained 
approximately  the  same.  In  all  other  studies,  moreover,  a  steady 
state  of  flow  of  urine  was  maintained  in  recumbency  in  the  face  of  a 
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decreasing  sodium  or  total  solute  excretion  rate. 

In  every  case,  assumption  of  the  passive  erect  posture 
was  accompanied  by  a  decrease  in  the  rate  of  excretion  of  urine. 

The  degree  of  maximal  antidiuresis,  in  terms  of  percentage  change 
in  urine  flow  in  the  urine  period  preceding  the  tilting  and  that 
at  the  time  of  maximal  antidiuresis  in  the  PEP,  was  related  to 
the  extent  of  dilution  of  body  fluids  in  the  lightly-loaded  and 
heavily-loaded  studies  of  each  paired  study.  In  any  paired  study, 
the  greater  the  positive  balance  of  water,  the  less  was  the  degree 
of  maximal  antidiuresis.  The  antidiuresis  associated  with  the  PEP 
was  modified  by  the  extent  of  dilution,  insofar  as  the  concentration 
of  sodium  in  the  serum  or,  particularly,  the  concentration  of  total 
"effective”  solutes  in  the  extracellular  fluid  were  decreased  to  a 
greater  extent  by  the  larger  than  by  the  smaller  water  load  (Tables 
I  and  II). 

The  water  loads  in  studies  1  and  2  were  approximately 
the  same  at  the  time  of  maximum  antidiuresis  (study  1  -657  cc.; 
study  2  -625  cc.).  The  concentrations  of  sodium  in  the  serum  and 
total  solutes  in  the  extracellular  fluid  were  likewise  approximately 
the  same.  The  percentages  of  maximum  antidiuresis  in  these  two 
studies,  therefore,  also  were  in  the  same  range  (study  1  -28.6  per  cent; 
study  2  -21.2  per  cent). 

The  time  required  to  reach  the  period  of  least  urine  flow 
in  the  PEP  showed  no  consistent  correlation  with  the  degree  of  water 
loading,  although  in  studies  1  and  2,  and  5  and  6,  upon  tilting,  the 
urine  flow  fell  more  rapidly  with  the  smaller  load. 
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In  every  case,  except  5  and  6,  in  which  pre-tilt  urine 
flows  differed  from  each  other,  the  absolute  rates  of  urine  flow 
in  the  period  of  maximal  antidiuresis  were  greater  in  the  studies 
with  the  greater  dilution  than  in  the  lightly-loaded  studies. 

V.  Effects  on  the  Reabsorption  of  Water  in  the  Tubules. 

That  a  smaller  percentage  of  filtered  water  is  being 
reabsorbed  by  the  tubules  in  the  study  with  the  greater  dilution 
of  the  pair  is  also  indicated  by  the  changes  in  U/p  for  inulin 
and  concentration  of  total  solutes  in  the  urine  (Table  II  and  Table  B  - 
appendix).  The  U/p^  uniformly  increased  upon  assumption  of  the  PEP. 

In  the  study  with  the  heavy  water  load,  the  percentage  increase  of 
the  U/P  0f  the  period  of  maximal  antidiuresis  over  that  in  the  pre¬ 
tilt  period  is  less  than  that  in  the  light ly-loaded  study.  Similarly, 
the  concentration  of  total  solutes  in  the  urine  at  the  time  of  maximal 
antidiuresis  is  less  in  absolute  amount  and  in  percentage  change  from 
the  pre-tilt  period  (and  is  sometimes  actually  negative)  when  the 
dilution  is  greater. 

Since  the  glomerular  filtration  rate  and  the  filtered  load 
were  constant  in  the  pre-tilt  period  and  the  period  of  maximal  anti- 
diuresis,  the  ratios  of  the  change  in  rate  of  sodium  or  total  solute 
excretion  to  the  change  in  rate  of  water  excretion  represent  the 
characteristics  of  the  increased  reabsorbate  due  to  the  PEP  (Table  III). 
In  each  instance  these  are  quite  hypotonic  reabsorbates.  If  the  anti- 
diuresis  of  the  PEP  were  due  to  increased  proximal  reabsorption  of 
solute,  this  increased  reabsorbate  should  be  isosmotic  with  the  filtrate. 
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Table  III 


The  Effects  of  Water  Loading  on  the  Increased  Raabsorbate  of  the  HEP 


Study 

*A  Eq.  Na  Excr./Min. 

*  A  Osm.  Tot.  Sol,  Excr./Min, 

*A  cc,  HgO  Excr./Min. 

*  A  cc.  HgO  Excr./Min. 

1 

13*67 

36.20 

2 

15*60 

43.1,7 

3 

12.90 

40.69 

4** 

11*67 

37.30 

5 

17.03 

43.06 

6** 

14.75 

56,25 

7 

8.42 

22.60 

8** 

15.30 

55.00 

9 

12.50 

13.68 

10** 

24,27 

120.20 

*  A  between  pre-tilt  and  maximum  antidiuretic  periods, 

**  Heavily  loaded  study  of  pair. 
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Table  17 

The  Effects  of  Water  Loading  on  the  Osmolar  Clearance 
of  Water  end  the  Clearance  of  Free  Water  in  the  PEP 


Study 

^Osm. 

ACn 

Osm. 

V 

“v 

cc./min. 

% 

1 

P.T. 

3.0 

17.3 

M.A. 

2,3 

-.7 

12.2 

-5.1 

-29.5 

2 

P.T. 

3.1 

16.2 

M.A. 

2.5 

-.6 

12.7 

-3.5 

-21.6 

3 

P.T. 

2.2 

8.1 

M.A. 

1.4 

-.8 

3.1 

-5.0 

-61.7 

4* 

P.T. 

2.6 

17.2 

M.A. 

2.3 

“•3 

14.5 

-2.7 

-15.7 

5 

P.T. 

2.8 

12.4 

M.A. 

1,9 

-.9 

7.1 

-5.3 

-42.7 

6* 

P.T. 

2.0 

8.6 

M.A. 

1.5 

-.5 

6.7 

-1.9 

-22.1 

7 

P.T. 

2.5 

16.2 

M.A. 

2.0 

-.5 

11,4 

-4.8 

-29,6 

8* 

P.T. 

2.4 

18.7 

M.A. 

1.8 

-.6 

16.5 

-2.2 

-11.8 

9 

P.T. 

3.1 

15.3 

M.A. 

2.3 

-.8 

7.9 

-7.4 

-48.4 

1©:- 

P.T. 

2.6 

13.7 

M.A. 

2.2 

-.4 

11.9 

-1.8 

-13.1 

*  Heavily  loaded  study  of  pair* 

P.T.  Pre-tilt  period. 

M.A.  Period  of  maximum  antidiuresis. 

All  changes  are  calculated  from  pre-tilt  period  to  period  of 
maximum  anti diuresis. 
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Since  it  is  hypotonic,  water  was  reabsorbed  in  excess  of  solutes  and 
probably  independently. 

Using  the  calculations  as  proposed  by  Wesson  and  Anslow  (79) ^ 
it  may  be  seen  in  Table  IV  that  the  osmolar  clearance  of  water  changed 
insignificantly  in  the  PEP  and  that  the  decrease  in  urine  flow  is  due 
to  a  decrease  in  the  clearance  of  free  water.  The  decrease  in  clear¬ 
ance  of  free  water  with  the  PEP  is  less  with  the  larger  water  load. 

VI.  Effects  on  the  Excretion  of  Electrolytes  (Table  II  and  Table  B  - 

appendix) . 

The  greater  the  dilution  of  the  body  fluids,  the  less  was 
the  rate  of  excretion  of  sodium,  chloride,  and  total  solutes  in  the 
urine  in  both  recumbency  and  the  PEP,  This  was  true  of  all  studies 
except  3  and  k,  where  the  reverse  obtained. 

Except  in  studies  3  and  ks  the  rate  of  excretion  of 
potassium  was  less  in  the  study  with  the  larger  water  load.  Ammonia 
excretion  uniformly  increased  with  the  greater  degree  of  dilution. 

These  results  are  similar  to  those  observed  by  Darragh, 

Welt,  Goodyer,  and  Abele  (23)  in  recumbent  subjects  with  increased 
dilution  of  the  body  fluids. 

Assumption  of  the  PEP  resulted  in  a  further  decrease  in 
the  rates  of  excretion  of  sodium  and  chloride  in  all  studies.  Potassium 
excretion  in  the  PEP  showed  no  consistent  trend.  Changes  were  seen  in 
both  directions  and  were  usually  small  in  magnitude.  Urinary  ammonia 
excretion  increased  in  every  study  in  the  PEP.  The  rate  of  excretion 
of  urea  decreased  in  all  studies  during  the  antidiuresis  of  the  PEP. 
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Unlike  water  diuresis,  the  rate  of  excretion  of  sodium 
in  the  urine  in  recumbency  depends  upon  the  degree  of  dilution  of 
body  fluids  induced  by  the  positive  load  of  water  in  excess  of  one 
per  cent  of  body  water.  Therefore,  when  comparing  the  percentage 
change  in  antinatri uresis  between  the  pre-tilt  and  maximal  anti¬ 
diuretic  periods  in  the  lightly-loaded  and  heavily-loaded  studies, 
account  is  taken  of  the  concentration  of  sodium  in  the  serum  during 
these  periods  in  addition  to  whatever  other  factors  may  be  operative 
(Table  A).  By  the  maintenance  of  similar  loads  of  water  in  both 
periods,  the  serum  sodium  concentrations  differed  only  slightly  in 
the  two  periods  in  all  studies  (0  to  0.7  per  cent  change  in  Na 

s 

concentration)  except  3  and  4.  This  factor,  therefore,  would  not 
account  for  any  difference  in  percentage  change  of  antina triuresis 
which  might  be  observed  between  the  lightly- loaded  and  the  heavily- 
loaded  studies.  In  study  3  the  per  cent  change  in  serum  sodium  con¬ 
centration  was  -0.71  per  cent  (140.4  ~^>  139.4  mEq./L.);  in  study  4 
it  was  -2.35  per  cent  (136.1  132.9  mEq./L.).  The  antinatriuresis 

between  the  above  two  periods  in  study  3  was  -54.3  per  cent,  whereas, 
that  in  study  4  was  -21.5  per  cent.  This  paired  study,  however,  as 
has  already  been  pointed  out,  was  also  different  in  that  in  the  study 
with  the  greater  dilution,  the  rate  of  excretion  of  sodium  in  the  urine 
was  also  greater  than  its  companion. 

As  may  be  seen  in  Table  II  the  difference  in  the  percentage 
antisaluresis  between  the  pre-tilt  and  maximal  antidiuretic  periods 
was  less  marked  than  the  difference  in  the  percentage  antidiuresis. 
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In  studies  7  and  8,  moreover,  there  was  actually  a  greater  percentage 
ant ina triuresis  with  the  larger  water  load, 

VII.  Effect  of  Painful  Stimulus. 

In  an  impaired  study  not  reported  in  these  experiments 
there  was  a  marked  antidiuresis  from  18.9  to  11.8  cc./min.  following 
a  painful  vena puncture .  This  occurred  despite  a  10  per  cent  increase 
in  the  glomerular  filtration  rate.  In  the  next  urine  period  the  urine 
flow  increased  to  16.6  cc./min.  The  rate  of  excretion  of  sodium  de¬ 
creased  from  118.2  to  98.0/Csm./min. ,  but  the  rate  of  excretion  of 
potassium  increased  from  40.3  to  51,4 ^Osm./rain.  Ammonia  excretion 
also  increased  from  54.8  to  63.2yOsm./min.  As  a  consequence,  total 
solute  excretion  increased  slightly.  These  data  imply  a  probable 
terminal  tubular  effect  mediated  via  the  adrenal  cortex  and  the  posterior 
pituitary  gland. 

In  study  Us  about  2  hours  before  the  termination  of  the  study 
by  nausea  and  vomiting,  the  patient  began  to  complain  of  " fullness  of 
the  stomach"  which  was  said  to  disappear  after  a  few  minutes  but  was 
followed  in  the  last  urine  period  by  nausea  and  subsequent  vomiting 
after  collection  of  the  urine.  The  period  prior  to  the  last  one, 
therefore,  was  used  to  represent  the  period  of  maximal  antidiuresis. 

Since  this  study  was  the  one  with  the  greater  water  load  of  the  pair, 
the  antidiuresis  thus  obtained  is  probably  falsely  high.  The  difference 
in  the  percentage  of  maximal  antidiuresis  between  these  two  studies  is 
probably  even  more  significant. 
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DISCUSSION 

These  studies  confirm  the  findings  of  others  that  a 
decrease  in  the  rates  of  excretion  of  water  and  salt  occurs  in  the 
passive  erect  posture.  It  was  possible,  however,  by  increasing  the 
positive  water  load  to  modify  the  antidiuresis  of  the  passive  erect 
posture.  The  percentage  of  maximal  antidiuresis  was  consistently  of 
a  smaller  magnitude  in  the  study  of  each  paired  group  in  which  the 
positive  load  of  water,  or  more  properly,  the  degree  of  dilution  of 
body  fluids  was  greater.  The  fact  that  a  smaller  per  cent  of  filtered 
water  was  being  reabsorbed  in  the  renal  tubules  was  also  indicated 
by  the  smaller  percentage  increase  in  U/p  for  inulin  in  those  studies 
with  the  greater  dilution. 

Once  the  state  of  ” physiological  diabetes  insipidus*’  had 
been  attained  in  the  recumbent  posture,  a  steady  state  of  urine  flow 
was  maintained  despite  further  increase  in  the  positive  balance  of 
water.  Further  increase  in  hypo tonicity  beyond  that  point  required 
to  completely  inhibit  the  secretion  of  the  antidiuretic  hormone  of 
the  posterior  pituitary,  resulted  in  no  increase  in  urine  flow.  When 
the  subject  assumed  the  passive  erect  posture,  however,  there  was  an 
associated  decrease  in  the  rates  of  excretion  of  salt  and  water.  The 
antidiuresis  and  antisaluresis  so  produced  are  thought  to  be  due  to 
the  independent  handling  of  these  materials  in  the  distal  tubule.  The 
transient  and  less  marked  antidiuresis,  and  antisaluresis  observed  in 
subjects  with  diabetes  insipidus  (13)  and  adrenal  insufficiency  (15), 
respectively,  support  thistypothesis.  The  diminished  rate  of  urine 
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flow,  therefore,  has  been  attributed  to  the  stimulation  of  secretion 
of  ADH  by  the  posterior  pituitary  gland  by  a  stimulus  of  decreasing 
'’effective  volume.”  That  absolute  volume  is  probably  not  as  important 
a  factor  as  the  distribution  of  volume  is  indicated  in  these  studies 
in  which  plasma  volume  was  actually  mildly  increased  in  the  passive 
erect  posture.  These  data  support  the  findings  of  other  workers  (8,9). 

It  is  seen  in  these  studies,  therefore,  that  the  posterior 
pituitary  gland  which  had  been  completely  suppressed  by  one  stimulus, 
tonicity  acting  via  the  osmoreceptors,  was  stimulated  to  secrete  its 
antidiuretic  hormone  by  a  second  stimulus,  '’volume,”  perhaps  acting 
via  volume  receptors  strategically  located  intracranially.  The  data 
indicate  that  under  conditions  in  which  the  "volume”  stimulus  is  active 
in  producing  antidiuresis,  a  further  increase  in  the  positive  balance 
of  water  now  is  able  to  modify  the  antidiuresis  so  produced.  The  anti- 
diuresis  in  the  15  PEP  was  modified  to  a  greater  extent  than  the 
antisaluresis. 

Possible  explanations  may  be  proposed: 

I.  The  effect  on  the  antidiuresis: 

1.  By  modifying  a  decrease  in  the  glomerular  filtration 

rate. 


salt. 


2.  By  variations  in  proximal  tubular  reabsorption  of 


3.  By  modifying  the  stimulus  to  secretion  of  ADH,  by 

a.  sustaining  "volume”  better 

b.  greater  degree  of  hypotonic it y  suppressing  the 
secretion  of  ADH  which  had  been  stimulated  by  the  "contracted  volume" 
promoted  by  the  passive  erect  posture. 
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Evaluation  of  the  proposed  explanations: 

1.  The  modifying  effect  of  the  larger  water  load  was 

not  due  to  its  influence  on  the  glomerular  filtration  rate  (Table  II). 
Although  only  very  small  changes  in  filtration  rate  may  produce  rela¬ 
tively  large  changes  in  rates  of  excretion  of  water  and  solute ,  varia¬ 
tions  of  the  order  noted  in  these  studies  are  within  the  experimental 
error  of  the  present  inulin  clearance  methods  (2). 

2.  If  the  antidiuresis  were  to  be  explained  by  an  increase 
in  the  proximal  tubular  reabsorption  of  solutes  with  its  accompanying 
obligatory  reabsorption  of  water,  the  increment  of  reabsorbate  should 

be  isosmotic  with  the  filtrate.  Actually,  this  increment  of  reabsorbate 
appears  to  be  distinctly  hypotonic  both  with  respect  to  sodium  and  total 
solutes  (Table  III) .  This  implies  that  water  was  reabsorbed  In  excess 
of  solutes  in  this  increment  of  reabsorbate.  In  order  to  explain  the 
antidiuresis  as  an  increase  in  proximal  tubular  reabsorption  under 
these  circumstances,  then,  one  would  have  to  add  one  or  both  of  two 
additional  mechanisms: 

a.  less  distal  reabsorption  of  salt  during  the  maximal 
antidiuretic  period  as  compared  with  the  pre-tilt  period,  or 

b.  distal  tubular  secretion  of  water. 

a.  is  most  unlikely  and  there  is  no  evidence  for  b.  Moreover,  to 
explain  the  difference  in  the  degree  of  the  antidiuresis  with  small 
and  large  water  loads,  one  would  have  to  postulate  that  a  larger  water 
load  promoted  less  proximal  salt  reabsorption. 

The  data  from  other  investigations  plus  the  data  from  these 
studies  imply  that  the  antidiuresis  is  the  result  of  independent  reabsorption 


;  •.  -O’ .,  :  o  \  i :'A 

. 

•  ...  ?  tl  '  ■  •-  i  .  ■ 

..  '  .  ...  o:..  .  .-j  :  >  J..V  U;  :  ±f  A 

'  l  '  -  ■ 

.  9  .  £  ' 

.  )  i  • : .  o  :  ■  ,  ;lj  nr;  '  .  oo  .  •  '  u .  . 

00  i  ".  .  .  '  .  .  .  u  .  *4 

. 

o  iod  o  ■  .  v.  - 

.  .  i.  .  ,  .  ’  ;  'J  .1 

*  ■  •  . 

.  ■  ..  its  e  ..'  :  i 

.  .  ...  ■■  wwo%i 

:  -■  ,  . .  ..  •:  r:  r- 

. 

*  bo. i 

J.  'l.o  ’.  L  ••  ’it 


' ...  .... 

*n 


O  •  '  ... 

;  I  .  .  '  Wtt  . 

od  ■  ,  0 X  *S»dP»W  tri£ 

■ 

■  >rfd  ■  '  ... 

'I  . 


-38- 


of  water—presumably  due  to  the  secretion  of  ADH  by  the  posterior 
pituitary  gland.  Wesson  and  Anslow  (79)  point  out  that  the  water 
of  the  final  urine  represents  an  isosmotic  fluid  which  has  been 
either  concentrated  by  the  abstraction  of  water  without  solutes  or 
diluted  by  the  abstraction  of  solutes  without  water.  Of  the  total 
urine  flow  there  are,  therefore,  two  fractions:  1)  a  volume  that 
would  contain  the  excreted  solutes  in  a  concentration  isosmotic  with 
the  filtrate.  This  is  called  the  osmolar  clearance  of  water,  and 
2)  a  volume  of  water  that  is  free  of  solutes— this  value,  in  turn, 
wiH  be  negative  if  water  has  been  abstracted  in  excess  of  solutes 
and  positive  if  solutes  have  been  reabsorbed  in  excess  of  water. 

(On  theoretical  grounds  and  under  certain  circumstances,  this  clearance 
of  free  water  might  conceivably  represent  secreted  water).  The  calcu¬ 
lations  in  Table  IV  reveal:  1)  that  virtually  all  the  decrease  in 
urine  flow  with  the  PEP  is  due  to  a  decrease  in  the  clearance  of 
free  water  (presumably  via  ADH  action),  and  2)  that  the  decrease  in 
clearance  of  free  water  with  the  PEP  is  less  with  the  larger  water 
loads. 

3.  The  question  then  arises  as  to  whether  the  lesser  secre¬ 
tion  of  ADH  with  the  larger  water  loads  is  related  to  the  fact  that 
a)  the  larger  water  loads  support  volume  better  and,  therefore,  the 
PEP  is  associated  with  a  lesser  "contraction  of  volume"  or  b)  the  greater 
degree  of  hypotonicity  modifies  the  response  of  the  posterior  pituitary 
gland  to  the  same  intensity  of  stimulus  represented  by  the  "contracted 


volume"  of  the  ESP 
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a.  Volume 

”  Better  support  of  volume”  with  the  larger  water 
loads  would  have  to  be  expressed  as  a  greater  increase  in  extra¬ 
cellular  fluid  volume  or  plasma  volume.  It  is  unlikely  that  the 
antidiuresis  of  the  PEP  or  venous  occlusion  is  related  to  the 
contraction  of  the  extracellular  volume  as  a  whole,  because  extra¬ 
cellular  volume  as  a  whole  does  not  contract.  However,  there  is 
likely  a  redistribution  of  interstitial  fluid  so  that  more  is  located 
in  the  lower  half  of  the  body.  This  would  take  some  time  to  effect, 
whereas  the  antidiuresis  of  the  PEP  or  cuffing  comes  on  quite  rapidly. 

We  look,  therefore,  to  a  volume  that  does  change  rapidly  in 
these  circumstances,  and  that,  of  course,  is  the  plasma  volume.  This 
is  redistributed  to  some  extent  immediately  and  then  contracts  in 
absolute  terms  due  to  the  increased  rate  of  transudation.  If  one 
examines  the  plasma  volume  changes  in  the  lightly-  and  heavily-loaded 
studies,  however,  there  is  no  evidence  that  plasma  volume  was  better 
supported  with  the  larger  as  compared  with  the  smaller  water  loads 
(Table  I).  This  does  not  exclude  this  possibility,  however,  since  the 
change  in  volume  might  well  be  more  subtle  than  the  techniques  which 
were  used  to  measure  them. 

b.  Greater  degree  of  hypotonic ity 

There  was  a  greater  degree  of  hypotonicity  with  the 
large  as  compared  with  the  small  loads  in  every  instance — both  in 
percentage  change  and  in  actual  magnitude.  It  might  well  be  that 
this  is,  in  fact,  the  influence  that  modified  the  responsiveness  of 
the  posterior  pituitary  gland  to  the  stimulus  to  secrete  antidiuretic 
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II.  The  effect  on  antisaluresis: 

The  difference  in  percentage  antisaluresis  was  less  marked 
than  the  difference  in  percentage  of  antidiuresis  (Table  II),  and  in 
one  instance,  E.B. ,  there  was  actually  a  greater  percentage  anti¬ 
saluresis  with  the  larger  water  load. 

When  the  differences  in  percentage  of  antisaluresis  assoc¬ 
iated  with  the  PEP  in  the  paired  studies  is  examined  statistically, 
it  is  found  that  t  =  1.98  and  p  is  greater  than  0.1 — which  is  usually 
not  considered  statistically  significant.  When  the  differences  in 
percentage  of  antidiuresis  are  similarly  treated,  it  is  found  that 
t  =  3.75,  making  p  =  between  .05  and  .01,  which  is  highly  significant. 
Therefore,  it  would  be  quite  difficult  to  explain  the  difference  in 
the  degree  of  antidiuresis  on  the  associated  changes  in  salt  if  these 
latter  changes  were  not  significantly  different  in  the  lightly-  and 
heavily-loaded  studies. 
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SUMHARY  AND  CONCLUSIONS 

1)  The  effect  of  water  loading  on  the  rates  of  excretion  of  water 
and  electrolytes  was  studied  in  normal  young  adult  males  in 
the  recumbent  position  and  in  the  passive  erect  posture  (PEP) 
with  the  head  elevated  at  15°  with  the  horizontal.  Two  studies 
were  performed  on  each  subject.  In  one  study  the  subject  re¬ 
ceived  a  small  water  load  (lightly-loaded  study) ,  and  in  the 
other  he  received  a  large  water  load  (heavily-loaded  study). 

2)  The  rates  of  excretion  of  water  and  salt  decreased  in  the  15°  PEP. 

3)  By  increasing  the  load  of  water  in  the  body  beyond  one  per  cent 
of  body  water,  it  was  possible  to  modify  the  antidiuresis  of 

the  passive  erect  posture.  The  percentage  of  maximum  antidiuresis 
was  decreased  by  increasing  the  load  of  water  in  the  body. 

4)  The  modifying  effect  of  the  larger  water  load  was  not  due  to  its 
influence  on  glomerular  filtration  rate, 

5)  The  modifying  effect  of  the  larger  water  load  was  not  due  to  any 
effect  on  proximal  tubular  solute  reabsorption. 

6)  There  is  no  evidence  that  plasma  volume  was  better  supported  by 
the  larger  than  by  the  smaller  water  loads. 

7)  There  was  a  greater  degree  of  hypo tonicity  of  the  body  fluids 
with  the  larger  than  with  the  smaller  water  load. 

8)  It  is  suggested  that  hypotonicity  of  the  body  fluids  may  be  the 
influence  which  modified  the  response  of  the  posterior  pituitary 
to  the  passive  erect  posture. 
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9)  Statistical  analysis  revealed  that  the  antisaluresis  induced 
by  the  passive  erect  posture  was  not  affected  by  the  degree 
of  water  loading. 


'  •  . I  •'  :  ..  -  r.'.  .iv ■  id  (9 

■  .  ••••.;  .  &  v,  j‘j;:Jaoq  :k>-M  »  «  ?.  t  or!.:  \;c 

. 


BIBLIOGRAPHY 


1.  Smith,  H.W.:  The  Kidney:  Structure  and  Function  in  Health 

and  Disease.  Oxford  University  Press,  pp.  241-352,  1951. 

2.  Wesson,  L.G.,  Jr.,  Anslow,  W.P.,  Jr.,  and  Smith,  H.W.:  The 

excretion  of  strong  electrolytes.  Bull,  N.Y.  Acad.  Med., 
1943,  24,  536. 

3.  Shannon,  J.A.:  The  control  of  the  renal  excretion  of  water. 

I.  The  effect  of  variations  in  the  state  of  hydration 
on  water  excretion  in  dogs  with  diabetes  insipidus. 

J.  Exper.  Med.,  1942,  76,  371, 

4.  Verney,  E.B.:  Croonian  Lecture:  The  antidiuretic  hormone 

and  the  factors  which  determine  its  release.  Proc.  Royal 
Soc.,  London,  1947,  S»  B  135,  25. 

5.  Verney,  E.B.:  Absorption  and  excretion  of  water.  The  anti¬ 

diuretic  hormone.  Lancet,  1946,  251  (2),  739. 

6.  Rydin,  H.,  and  Verney,  E.3.:  The  inhibition  of  water  diuresis 

by  emotional  stress  and  by  muscular  exercise.  Quart.  J, 
Bxper,  Physiol.,  1933,  2£,  343, 

7.  Welt,  L.G.,  and  Grloff,  J.:  The  effects  of  an  increase  in 

plasma  volume  on  the  metabolism  and  excretion  of  water 
and  electrolytes  by  normal  subjects.  J.  Clin.  Invest., 
1951,  20,  751. 

3.  Epstein,  F.H.,  Goodyer,  A.V.N.,  Lawrason,  F.D.,  and  Reiman,  A.S.: 
Studies  of  the  antidiuresis  of  quiet  standing:  The  im¬ 
portance  of  changes  in  plasma  volume  and  glomerular 
filtration  rate.  J,  Clin.  Invest.,  1951,  30,  63. 

9.  Strauss,  M.B.,  Davis,  R.K.,  Rosenbaum,  J.D.,  and  Rossmeisl,  E.C.: 

"Water  Diuresis"  produced  during  recumbency  by  the  intra¬ 
venous  infusion  of  isotonic  saline  solution.  J.  Clin. 
Invest.,  1951,  30,  362. 

10.  Leaf,  A.,  and  Mamby,  A.R.;  An  antidiuretic  mechanism  not 

regulated  by  extracellular  fluid  tonicity.  J.  Clin. 
Invest.,  1952,  60. 

11.  Strauss,  M.B.,  Davis,  R.K.,  Rosenbaum,  J.D.,  and  Rossmeisl, 

E.G.:  Production  of  increased  renal  sodium,  excretion 
by  hyoptonic  expansion  of  extracellular  fluid  volume 
in  recumbent  subjects.  J.  Clin.  Invest.,  1952,  31,  30. 

12.  Welt,  L.G.,  and  Nelson,  W.P.,  III:  Excretion  of  water  by 

normal  subjects.  J.  Applied  Physiol.,  1952,  2^,  709® 


I.:.  ,.-  .....  a: 


;  ,  .  .  ' 

♦  •.  •  -  * 


.1 


O.  (A 


. 


»  '  ■  -  i 

<  ■  .;o  -■  u;  r 

*  .  .  ;  . 


,  « 

■  ii  sgof)  ni  aoiisrKjtxs  naijew  no 


.■  i'j 


- 


;  .  . 

*  _  '  *  •  t  '  ■  .  .0 


...  . 


:  .  . 

*  -  .  v  .  .  '0  •  .  ... 

;  r  «  ^  '  *  rv  . 

*  ^  -  --Mt  t  ■  -  *  •  -  •  J 


r. 


•  t 


-L 


;  t®  \'C 


.  .  ,  ...  .  U  J"9J  ,  .  - 


. 


’■  .  I  •  . 


_ 


1  (  *  *  ^  1 3c  i  ,  +  .>{  •  r  , 

•  d'sir/p  si?  wli 

Ci£  8  ic  .  g  ,.'  . 

• '  •  t  t*  .  ;  :  ...  t 

i-  0.  •  :  'j.od."-  M 

*  '  •  •  :  '  r 

tJ  .  .  •  v.i. 

•  . 

.  ...  v  .  .  ^ 

•  •  ;  *  .  * .  i 


t 

IV 
&uj1c.  v 

« _  ■  r 


-  .  «  t 


t 


. . :j xi jo<  *i  b s e ,Be> ‘ion  i 


.  *  »  . 


*■  •  %  w 

**  x!.fjj{.c>f'-\bx  r'.o  no.i  mzqn::  o.:  o  /d 

•  •  '  •  ■  .  OQ’ 


1x3 


t-v 


■ !  .Ci.r. 


. .  . 

.  0‘ 


13.  Brun,  C.,  Hilden,  T.,  and  Raaschou,  F.:  Kidney  function  and 

circulatory  collapse:  Post-syncopal  oliguria.  J.  Clin. 
Invest.,  1946,  2£,  568. 

14.  Judson,  W.E.,  Epstein,  F.H.,  Tinsley,  C.M.,  Burrows,  B.A.,  and 

Wilkins,  R.W.:  The  hemodynamic  and  renal  functional  effects 
of  venous  congestion  of  the  limbs  in  patients  with  diabetes 
insipidus.  J.  Clin.  Invest.,  1950,  2g,  826. 

15.  Welt,  L.G.:  The  effects  of  the  passive  erect  posture  on  the 

rates  of  excretion  of  salt  and  water  in  the  adrenal- 
insufficient  subject.  Unpublished  observations. 

16.  Walker,  A.M. ,  Bott,  P.A.,  Oliver,  J.,  and  MacDowell,  M.C.: 

Collection  and  analysis  of  fluid  from  single  nephrons 
of  the  mammalian  kidney.  Am.  J.  Physiol.,  1941,  134.  580. 

17.  Richards,  A.N.:  Processes  of  urine  formation.  Proc.  Royal  Soc. 

London,  1938,  B126.  398. 

18.  Welt,  L.G.,  Seldin,  D.W.,  Nelson,  W.P.,  III,  German,  W.J.,  and 

Peters,  J.P.:  Role  of  the  central  nervous  system  in 
metabolism  of  electrolytes  and  water.  A.M. A.  Arch.  Int. 
Med.,  1952,  j£,  355. 

19.  McCance,  R.A.:  The  excretion  of  urea,  salts  and  water  during 

periods  of  bydropenia  in  man.  J.  Physiol.,  1945,  104.  196. 

20.  Fisher,  G,,  Ingram,  W.R.,  and  Ranson,  S.W.:  Diabetes  Insipidus 

and  the  Neurohormonal  Control  of  Water  Balance.  Edwards 
Bros.,  Inc.,  Ann  Arbor,  Michigan,  1938* 

21.  Findley,  T.,  Jr.,  and  White,  H.L.:  The  response  of  normal 

individuals  and  patients  with  diabetes  insipidus  to  the 
ingestion  of  water.  J.  Clin.  Invest.,  1937,  16,  197. 

22.  Martin,  S.J.,  Herrlich,  H.C.,  and  Fazekas,  J.F.:  Relation 

between  electrolyte  imbalance  and  excretion  of  an  anti¬ 
diuretic  substance  in  adrenalectomized  cats.  Am.  J* 
Physiol.,  1939,  12? ,  51. 

23.  Darragh,  J.H.,  Welt,  L.G.,  Goodyer,  A.V.N.,  and  Abele,  W.A.: 

The  influence  of  the  tonicity  of  the  body  fluids  on  the 
rate  of  excretion  of  electrolytes.  J.  Applied  Physiol. 

To  be  published. 

24.  Green,  D.M. ,  Bridges,  W.C.,  Johnson,  A.D.,  Lehman,  J.H.,  Gray,  F., 

and  Field,  L. :  Relation  of  glomerular  filtration  rate  and 
sodium  tubular  rejection  fraction  to  renal  sodium  excretion. 
Am.  J.  Physiol.,  1950,  160,  306. 

25.  Green,  D.M.,  and  Farah,  A.:  Influence  of  sodium  load  on  sodium 

excretion.  Am.  J.  Physiol.,  1949,  158,  444» 


-  -  •  t.  t ' 

v  .  ,  -  ■  -  L 


_iis; 

p:cv  rS-J 

i  C\  ■  i  . . 

.  ..  ' ;  ,  .  ,  ,  ...  t  ■  ■■ 

•  •  •  5.  t  *  *  t  *  “  ^  t  ^ 

. 

OJUOi2©V  *tc 

.  •!'  .'  ■ 


.  "I 


•  r 

•i 


iio.'.v.  .•  iii.  admiX 

' 

■ 

t  <. 

.  .  I 

•..Go,  io:vr:-'>  .  iv 

.  O  C-:0^ 

■no'  Hi  ..it 

.  Jli.X 

iV  i  . 

. .  .  . 


:.0.  .  o 


.  •  ...  .  ... 


.  ..  _  wi.  i  .  '  . -=  a  <  1  •'  • .  '  • 

,  .  .  -  ... 

•  ■  ; .  . 

t  -\.f  .;•:••• 


Ar 

. 


UJOV  J 


•  -  .  r  » 

«  *  4 


«  • 


♦  :r 


.  .  •  '  - 


•  5 


i 


...  . 

: .  ,  ,  ... 

.  o.'i  . 

.  .  -  ••X  K'.<  '  1  .  .  K*  'i 


•vl 


■  ,  ;  r 


t 


onj 


.  ■  ■■  ■- 


•  I  ' 


\X  -  .  ... 


4  t  "0:  •  «• 

- i  ;  ...  IS0 

*  .  .  ■ 

•1  .  t  d;.r  *..'•••  ' 

....  ■  .  »  ♦  ^  {  .  .  ... 

’  ; 1  ■  .  •  • 

. 

.  .»er.s • 

.  .  .  ^  ...  ^  i  ;  ,  « v  .  ...  t  - 

■  :J  •  o  loj  x  i  J  •  Wot  •-.  ■  si.  ii 


« . •  .  -  -■  - 

. 


.  .  .  o  •  ’ 


26.  Seldin,  D.W.,  and  Tarail,  R. :  Effect  of  hypertonic  solutions 

on  metabolism  and  excretion  of  electrolytes.  Am.  J. 
Physiol.,  1949,  159.  160. 

27.  Goodyer,  A.V.N.,  and  Glenn,  W.W.L.:  Excretion  of  solutes  in¬ 

jected  into  the  renal  artery  of  the  dog.  Am.  J.  Physiol., 
1952,  168,  66. 

28.  Peters,  J.P.:  The  role  of  sodium  in  the  production  of  edema. 

New  England  J.  Med.,  1948,  239,  353. 

29.  Crutchfield,  A.J.,  Jr.,  and  Wood,  J.E.,  Jr.:  Urine  volume  and 

total  renal  sodium  excretion  during  water  diuresis.  Ann, 
Int.  Med.,  1948,  28,  28. 

30.  Wendt,  Quincke,  and  Laehr:  Ber.  d.  deutsch.  chem.  Gesellsch, 

1900,  32,  3775.  Cited  by  51  I. 

31.  Edel,  P.:  '’Cykiische"  Albuminurie  und  neue  Gesichtepunkte  fdr 

die  Bekamptung  von  Albuminurien.  Munschen.  med.  Wchnschr. , 

1901,  48,  1833. 

32.  Linos sier,  G.,  and  Lemoine,  G.H.:  Influence  de  1* orthos statisme 

sur  le  fonctionnement  du  rein  (l,II,  and  III).  Conpt.  rend. 
Soc.  de  biol.,  1903,  J>5,  466,  469,  605. 

33.  Erlanger,  J.,  and  Hooker,  D.R.:  The  relation  of  blood  pressure 

and  pulse  pressure  to  the  secretion  of  urine  and  to  the 
secretion  of  albumin  in  a  case  of  so-called  physiological 
albuminuria.  Am.  J,  Physiol.,  1903,  10,  xvi. 

34.  Hooker,  D.R.,  Hegeman,  R.F.,  and  Zartman,  L.V.:  The  relation  of 

pulse  pressure  to  the  appearance  of  albumin  in  a  case  of 
orthostatic  albuminuria.  Am.  J,  Physiol.,  1908,  23,  xi. 

35.  Hooker,  D.R.:  A  study  of  the  isolated  kidney.  The  influence  of 

pulse  pressure  upon  renal  function.  Am.  J.  Physiol.,  1910, 

27  ,  24. 

36.  White,  H.L.,  Rosen,  I.T.,  Fischer,  S.S.,  and  Wood,  G.H.:  The 

influence  of  posture  on  renal  activity.  Am.  J.  Physiol., 
1926,  78,  185. 

37.  Ni,  T.G.,  and  Rehberg,  P.B.:  On  the  influence  of  posture  on 

kidney  function.  J.  Physiol.,  1931,  71,  331. 

38.  Blegen,  E.M.:  Vanndiuresen  Bergen,  1940.  Cited  by  51  I. 

39.  Smith,  H.W.:  Physiology  of  the  Renal  Circulation,  Harvey 

Lectures.  1939-40,  166. 


•  •  t  { 

•  -  X.  t  ■  ■  .  . 


-  .  -  .  . 

'...'.is  ‘•ill'  r  .  ,!»•;/ 


\ 

> 


*  • 


.  . 

. 


l-s 


c 


: *  ■  •  •  ■ .  .... 

*  D3» 

•  •  _  •  .  .  . 

•  *  :  1 

*  -  .  ■ 


*  -  •*■  n 


■»*  t  ..  .■  a 

(XTtI  ■ 1  'i  ;  ■.  ;■ 


’ .  .  -  %  • 


. 


.  .  5  .. 


. 

.Xc 


‘  i!  '•  •  .soi.-hntn'C,  seloq 

-  ;  ‘  ■  t  tsm  i  i  • 

*  <_  •  <  •  .  .  ;  vii'  .  • 

*  *  !  -  .  -  •  *  *  . 

.  .  ■  t»  *  - 


-AC 


*  *  *  « 


•  •  *  . .  *  t 


.'i"i  >•:  !  ••„r.aac  o  o- -:l  =  n»J; 


'  '  •  •  r 

‘  _  \  ■ 


Oil'.  I.i -;jj 
r  y’l  /  <*y>  -  r  * 

•  * 


t ,  , 


*  ■' ; 


i.1- 


...  . 


4 


-  -  ,  -V  ..  .  r.s , a 


Op 
\  v 


40.  Mayerson,  H.S.s  The  influence  of  posture  on  blood  flow  in 

the  dog.  Am.  J.  Physiol.,  1940,  129.  421. 

41.  White,  H.S.,  and  Rolfe,  D.:  Effects  of  exercise  and  some 

other  influences  on  the  renal  circulation  in  man.  Am. 

J.  Physiol.,  1948,  1£2,  505. 

42.  Culbertson,  J.W.,  Wilkins,  R.W.,  Ingelfinger,  F.J.,  and 

Bradley,  S.E.:  The  effect  of  the  upright  posture  upon 
hepatic  blood  flow  in  normal  and  hypertensive  human 
subjects.  J.  Clin.  Invest.,  1947,  26.  1178. 

43.  Goodyer,  A.V.N.,  and  Glenn,  W.W.L.:  Relation  of  arterial 

pulse  pressure  to  renal  function.  Am.  J.  Physiol., 

1951,  16?>  6*9. 

44.  McCann,  W.S.,  and  Romansky,  M.J.:  Effect  of  ptosis  of 

kidneys  on  blood  pressure,  renal  blood  flow  and 
glomerular  filtration.  Tr.  Assoc.  Am.  Physicians, 

1940,  5£,  240. 

45.  McCann,  W.S.:  Orthostatic  hypertension.  J.A.M.A.,  1940, 

115,  573. 

46.  Kattus,  A. A.,  Sinclair-Smith,  B.,  Genest,  J.,  and  Newman, 

E.V.:  The  effect  of  exercise  on  the  renal  mechanisms 
of  electrolyte  excretion  in  normal  subjects.  Bull. 

Johns  Hopkins  Hosp,,  1949,  344. 

47.  Viar,  W.N.,  Oliver,  B.B.,  Eisenberg,  S.,  Lombardo,  T.A., 

Willis,  K.,  and  Harrison,  T.R.:  The  effect  of  posture 
and  of  compression  of  the  neck  on  excretion  of  electro¬ 
lytes  and  glomerular  filtration:  further  studies. 
Circulation,  1951,  3,»  105. 

48.  Winton,  F.R.:  Physical  factors  involved  in  activities  of 

the  mammalian  kidney.  Physiol.  Rev.,  1937,  17,  408. 

49.  Blake,  W.D.,  Wegria,  R.,  Keating,  R.P.,  and  Ward,  H.P.: 

Effect  of  increased  renal  venous  pressure  on  renal 
function.  Am.  J.  Physiol.,  1949,  157,  1. 

50.  Farber,  S.J.,  Alexander,  J.D.,  and  Eichna,  L.W.:  Renal 

hemodynamics  and  salt  and  water  excretion  during  in¬ 
duced  congestion  of  the  inferior  vena  cava  of  man. 

J.  Clin.  Invest.,  1951,  30,  638. 

51.  Brian,  C.,  Knudsen,  E.O.E.,  and  Raaschou,  F.:  The  influence  of 

posture  on  the  kidney  function.  I.  The  fall  of  the 
diuresis  in  the  erect  posture;  II.  Glomerular  dynamics 
in  the  passive  erect  posture.  Acta  med.  Scandinav., 

1945,  122,  315,  332. 


.  . 


O  -  -  '  •.  .  'Oii  i  1 

o  .  v  • 


i 


-  *  • 

no  z&nxt&ti  >  •2©rl*rc 


„ 


±!  i  r  ■ 

•s-i u  &c.$  *©  jrtmYis  jf.T 


...  .  ... 


r^.'.u.  ..v.’  baa  U: 


i.  r 


f  1 

•  •>j.  V. 

bool  oli&q 

.  r;  : 


I&i 'iS  *J'  i.o 

t  •  •  .  . 


•  *  •  ^ 


•  t 

;  9&j..jc 
■V'.  r 


:  .  .  .... 

•  ■  1 '  . .  ^  ••■•.  '  ..’v.  '  '  ; .  •-  V'.  '  r 

•  .  - 

*  t  •  L 


4-4 


ii/.t  '.o  ■ .  :  .xts 


; .  t 


O  .  .  , 

♦  ■  -  •  •  •  .  . 

i  I  if.  i.a  r  if  *  T 


^  w  V 


>4 


<.  *  ■ 


r  1  -  .  .  .  ... 


t  *  *  l 


( 


-  »  *  t .  •  -  •  * 

'  -  ;  ■  n  .  .  .  •,  .. 

*  •'  •  ■  . 

*•  -  t  K.  .  ■  .  •:  v'’- 


.  ’SXO'.i.V  JlJC£  css  bevlovai  &<ICjO£  .  ■ 


*  ♦  *  l 


J  fiiiarc  ri< 


l  •  •  l  1  *  .  '  .  .  .  ( 

faS8i  :  '  • 


5.  ^  *  -  •  .  .  I  J 


•  •  :  ...  .  • 


v  ..  •  -  ■•  .  ... 


(j  ~ij  «VO  4  .  »  ; 

'•••  '•  V:  ■  X  ..  ..  . . 

-  -  .  [0  . ' 


o  1 
. 


■K 


Q 

♦  . 


•v*  ♦  -  *  t*v' 


ux~  ,Jr>9*xo 


•i  ;  j:*.  .  & 


•  •  -  ' 

I**  c* 


■ 


52.  Thompson,  W.O, ,  Thompson,  P.K.,  and  Dailey,  M.E.:  The  effect 

of  posture  upon  the  composition  and  the  volume  of  the 
blood  in  man.  J.  Clin.  Invest.,  1928,  j>,  573. 

53.  Asmussen,  E„,  Christensen,  E.H.,  and  Nielsen,  M.:  III.  Uber 

die  Kreis  laufin  suffizienz  in  stehender  Stellung  bei 
normalen  arteriellen  Drue kuna  herabgestztem  Minutenvolumen. 
Skandinav.  Arch,  f .  Physiol. ,  1939,  81,  214-. 

54.  Asmussen,  E.,  Cristensen,  E.H.,  and  Nielsen,  M.i  The  regulation 

of  the  circulation  in  different  postures.  Surgery,  1940,  8, 
604. 

55.  Wilkins,  R.W.,  Culbertson,  J.W.,  Belton,  A.B.,  Tinsley,  C.M., 

Judson,  W.E.,  and  Burnett,  C.H.:  Antidiuresis  and  renal 
vasoconstriction  following  venous  congestion  of  the  limbs 
in  normal,  hypertensive,  and  splanchnicectomized  subjects. 

J.  Clin.  Invest.,  1949,  28,  819. 

56.  Lewis,  J.M.,  Jr.,  Buie,  R.M.,  Sevier,  S.M.,  and  Harrison,  T.R.: 

The  effect  of  posture  and  of  congestion  of  the  head  on 
sodium  excretion  in  normal  subjects.  Circulation,  1950, 

2,  822. 

57.  Lombardo,  T.A.,  Eisenberg,  S.,  Oliver,  B.B.,  Viar,  W.N.,  Eddleman, 

E.E.,  and  Harrison,  T.R.:  Effects  of  bleeding  on  electrolyte 
excretion  and  on  glomerular  filtration.  Circulation,  1951, 

2,  260. 

58.  Lombardo,  T.A.,  and  Harrison,  T.R.:  Effect  of  neck  compression 

oh  sodium  excretion  in  subjects  with  congestive  heart  failure. 
Circulation,  1953,  7,  88. 

59.  Lombardo,  T.A.:  The  effect  of  posture  on  the  excretion  of  water 

and  sodium  by  patients  with  congestive  heart  failure. 
Circulation,  1953,  7,  91. 

60.  Epstein,  F.H.,  Post,  R.S.,  and  McDowell,  M.:  The  effect  of  an 

arteriovenous  fistula  on  renal  hemodynamics  and  electrolyte 
excretion.  J.  Clin.  Invest.,  1953,  32,  233. 

61.  Goodyer,  A.V.M.,  Petersen,  E.R. ,  and  Reiman,  A.S.:  Some  effects 

of  albumin  infusions  on  renal  function  and  electrolyte  ex¬ 
cretion  in  normal  man.  J.  Applied  Physiol.,  1949,  1,  6?1. 

62.  Petersdorf,  R.G. ,  and  Welt,  L.G.:  The  effect  of  an  increase 

in  the  oncotic  pressure  of  the  plasma  on  the  metabolism  and 
excretion  of  water  and  solutes.  In  press. 

63.  Jungmann,  P.,  and  Meyer,  E.:  Experiments  He  Untersuchingen  fiber 

die  Abhangigkeit  der  Nierenfunktion  von  Nervensystem.  Arch* 
exper.  Path.  u.  Pharmakol.,  1913,  73,  49;  1914,  77,  12 2. 


I 


...J  h 


i  ->  c.n,  .  r 


-  •.  •  *  *  , 

0  /<  v  •:  •■.',•  ". 

•  .  •  -  j. 


C; 


t  t  *  *  ^ 


. 


t  ♦  x  ■■■■■-: 

"  '  -  ••  .r.  r.*;  rs.r.ltx.* ■■  ::::b 

•  >!  ••  .  bRirJ  Oil*  -J  iT.  .  .  •  ,  J‘r: 

. 


-  ^  4  •  .  .1.  j  4  , 

C  • 

*4'  o 


<.  • 


(2 


-  *  •  •  *  ♦  i.  *  ;  '■ 

■  .  .  .  ..... 

-*  -  '  «roXIoi  nr  ?;;i  ‘  ooe  ,v 

•  t  '•  *»>  '■  .  j «  .  ■ 

*  -  •  .  .  t*  .... 


P  7 


• .  j i  ‘  ’]  ■"  ' 


.  V  J  l  £ 


■  C 


.  .  /j. 


t «  »  *  ’*•  »  i»  -  «  ^*1- '  t  J.X'J 

^  '•  ;  ’  :  0  >o.  ••  \o  to 

<  •  ■  io 


t  *  ■  ^  ^  *  . 


*  4  *  J  ^  ■ 


■  n< 


•_  •  - 


.  .  < 

•  ■  '  (300  ... 


*._L  t  ••  v 


*  '  ....  . 

*•  -.  » ■  .  . 


bus  rriaij., 


’  •  ■  •  •  •  i  ..... 

■  '  '  .  .o 

•  *  *  f  ■  r 

f o  »  ’  *  t  r.v ,  ... 

•  *  ^  •  «.  *  < 

.  i  /.  v 

*  .  > 


. 


. 


06 


►  . 


•  -  x  *  *  t 

■ 

.  >  .  .  ■  . 


64 


.  Marshall,  E.K.,  Jr.,  and  Kolls,  A.C.:  Studies  on  the  nervous 

control  of  the  kidneys  in  relation  to  diuresis  and  urinary 
secretion.  1.  The  effect  of  unilateral  excision  of  the 
adrenal,  section  of  the  splanchnic  nerve,  and  section  of 
the  renal  nerves  on  the  secretion  of  the  kidney, 

II.  A  comparison  of  the  changes  caused  by  unilateral 
splanchnotomy  with  those  caused  by  unilateral  compression 
of  the  renal  artery. 

V.  Chloride  and  sulphate  diuresis  after  unilateral 
splanchnotomy.  Am.  J.  Physiol.,  1919,  42,  302,  317,  339. 

65.  Kriss,  J.P.,  Futcher,  P.H.,  and  Goldman,  M.L. :  Unilateral 

splanchnic  nerve  resection  and  homolateral  renal  function. 

Am.  J.  Physiol.,  1948,  154,  220. 

66.  Kaplan,  S.A.,  and  Rapaport,  S.:  Urinary  excretion  of  sodium 

and  chloride  after  splanchnicotomy:  effect  on  the 
proximal  tubule.  Am.  J.  Physiol.,  1951,  164.  175. 

67.  Peters,  J.P.,  Welt,  L.G.,  Sims,  E.A.H.,  Orloff,  J.,and  Needham, 

J.:  A  salt-wasting  syndrome  associated  with  cerebral 
disease.  Tr.  Assoc.  Am.  Physicians,  1950,  57. 

68.  Welt,  L.G.,  Seldin,  D.W.,  and  Cort,  J.H.:  The  effects  of 

the  pituitary  and  adrenal  hormones  on  the  metabolism  and 
excretion  of  sodium  and  water.  J.  Clin.  Invest.,  1951, 

30,  682. 

69.  Elkinton,  J.R.,  Banowski,  T.S.,  and  Winkler,  A.W.:  Hemodynamic 

changes  in  salt  depletion  and  dehydration.  J,  Clin.  Invest., 
1.946,  25,  120. 

70.  Eisenman,  A.J.,  Mackenzie,  L.B. ,  and  Peters,  J.P.:  Protein  and 

water  of  serum  and  cells  of  human  blood  with  a  note  on  the 
measurement  of  red  cell  volume.  J.  Biol.  Ghem,,  1936,  116, 
33. 

71.  Hald,  P.M.:  The  flame  photometer  for  the  measurement  of  sodium 

and  potassium  in  biological  materials.  J.  Biol.  Ghem., 

1947,  162,  595. 

72.  Eisenman,  A.J.:  A  note  on  the  Van  Slyke  method  for  the  determina¬ 

tion  of  chloride  in  blood  and  tissues.  J.  Biol.  Chem.,  1929, 
82,  4H. 

73.  Harvey,  S.C.:  The  quantitative  determination  of  chloride  in  the 
urine.  Arch.  Int.  Med.,  1910,  6,  12. 

.  Gornall,  A.G.,  BardwiH,  G.J.,  and  David,  M.D.:  Determination 

of  serum  proteins  by  means  of  the  biuret  reaction.  J.  Biol. 
Ghem.,  1949,  177,  751. 


74 


• .  .  t«*  ...  4 


.  iiu 


t  < 


io  ;  mo 

.  .  .  V.' 

.  [  mo  rbn 
£  .  t  ■  s', 

0  . 

■  m'  i  .  ** ,Ov  ■  - 

•  •  4 

‘J  .  v?  ■  ■ 


0  "  .  .  .  ' .  .  .  , 

v  v  . ■: V*  '  i  o  in  •  . .  ; "c;  . 

w  -  .  i.  •’* .  .•  O  " '  v«  .  ;. 

•  “7u 


.  .  .  .  ..... 


.  .<:•  •  r.  .  v  "ji;.  r  '  .  c : 

»  v  *  t  * 


4-u  V 


;*  \  t.  .  . 

■/  ...  •: 

4  ....  t  '  *  ♦  ’  ,  .  .  . : 

»  *  .  {*■»--*  .  ...  ^  ...  .  .. 

-  ..  : . 

t  •.  ♦ 

...  r.  . 

■  ts  »  a  ■  ■  £  : 

4  -  .  '  4  .>  ■  t. 


. 


. 


*  *  .... 

4  . :  :  ■ 

.  'i  v  r 


.  t 


-  •  ....  .... 

, .  .  .  '  . 


yf 


.  .  .  .  ■  ,  . 

♦ 


X  p 
*  1 


‘if  1 


x&,  fi/.V  on,/  ao  o.J:c-r* 
'.civ.  \k<jSi 


» 


,  • .  i 


IJ.... 


: .  .  . 

•  -  *  .  .  i,.  i 

*'  t  ...  t  '  V  I. 

*  ■-  ...  J  ■ 


75 


.  Somogyi,  M.:  A  new  reagent  for  the  determination  of  sugars. 

J.  Biol.  Chem.,  1945,  160,  61. 

?6.  Conway*  E.J.:  MLcrodiffusion  Analysis  and  Volumetric  Error, 

C.  Lockwood,  London,  p.  357,  1947 . 

77*  Hoe,  J.H.,  Epstein,  J.H.,  and  Goldstein,  N.P.:  A  photometric 

method  for  the  determination  of  inulin  in  plasma  and  urine. 
J.  Biol.  Chem.,  1949,  r£8,  839. 

78.  Elkinton,  J.R.,  and  Taffel,  M. :  Prolonged  water  deprivation 

in  the  dog.  J.  Clin.  Invest.,  1942,  21,  78?. 

79.  Wesson,  L.G.,  Jr.,  and  Anslow,  W.P.,  Jr.:  Effect  of  osmotic 

and  mercurial  diuresis  on  simultaneous  water  diuresis. 

Am.  J.  Physiol.,  1952,  170,  255. 

80.  Waterfield,  R.L.:  The  effect  of  posture  on  the  circulating 

blood  volume.  J.  Physiol.,  1931,  j[2,  10. 

81.  Krogh,  A.,  Landis,  E.M.,  and  Turner,  A.H. :  The  movement  of 

fluid  through  the  human  capillary  wall  in  relation  to 
venous  pressure  and  to  the  colloid  osmotic  pressure  of 
the  blood.  J.  Clin.  Invest.,  1932,  11,  63. 

82.  Youmans,  J.B. ,  Wells,  H.S.,  Denley,  D.,  and  Miller,  D.G.: 

The  effect  of  posture  (standing)  on  the  serum  protein 
concentration  and  colloid  osmotic  pressure  of  blood 
from  the  foot  in  relation  to  the  formation  of  edema. 

J.  Clin.  Invest.,  1934,  13,  447. 


I  •  j.*.  .(  .  v:  I'WiJ. 


•  *n  f 


> 

>  V  I 


■ft  0  '.-iv.  I.[c.  ■  i;  ‘''‘.'x  Jj- 

»  .  1  .  .  «  ^  I  '  » 


►  .  <  .  • 


t  ■  *, 


y  <  : .  .  ^  .  t  s ,  .  .  • 

nJ:  akU  .  ■  •  s  ■:  -dpi 


►  \  * 


•  - 


i  * 

. 


.  w 

'.3  ikS. 


:*•  ,  ♦  * 

X .  r  •:  .  ; .  :  -  .i  -  ■  ■ 

» ■'  i {  * 


.  »  C  ♦  *  l 

■ 


>  . 


tr^  .  1 1  '  -  .  . '  -  .  -  -  .  - x o' 


: .  .  ,  v  ; 

>.  ioi  -  sJ  ■  n  cl  • '  ■  •  .  •  ■  ri  ..." 

•  J i ’  •  j.’.o  '  Jo  :rj 

,  .  t  . .  ,  ,  '  • . 

:  .  .  .  j  ...  ....  .... 

.  ..  -  *  '  0  ■ 

.  ■ .  . C.  ;  ■ :  ■ ...:  0  .  •  \  ...  .C 

.  .  •  .  .  X  .  ■  • 


,Qfe 


v:«‘ 


The  Effect  of  Water  Loading  on  the  Concentrations  of  Protein  and  Electrolytes  in 
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